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This  paper  investigated  the  inhibitory  effect  of  degraded  soybean  polysaccharide  (DPS)  on  the  growth  of
calcium  oxalate  (CaOxa)  crystals.  The  results  were  compared  with  that  of  soybean  polysaccharide  without
degradation  (SPS).  The  data  showed  that  DPS  exhibited  a  much  higher  efficiency  to  inhibit  CaOxa  growth
and  stabilize  calcium  oxalate  dihydrate  (COD)  compared  with  SPS.  As DPS  concentration  increased,  the
soluble  Ca2+ ions  significantly  increased,  the  aggregation  degree  of  calcium  oxalate  monohydrate  (COM)
crystals  decreased,  the  shape  of  COD  crystals  became  round  and  blunt,  and  the  Zeta  potential  on  CaOxa
oybean polysaccharide
alcium oxalate
ell repair
iomineralization

CP

crystal surface  reduced.  The  above  results  were  all  conducive  for  the  inhibition  of  CaOxa  crystallization.
In  addition,  DPS  displayed  a distinct  repairing  effect  on oxidative  injured  renal  epithelial  cells  in African
green  monkey  (Vero),  with  enhanced  cell  viability  and  extracellular  superoxide  dismutase  activity  after
repair.  The  morphologies  of  the  repaired  cells  and  their  regulatory  capability  on  CaOxa  growth  were
between the  control  and  injured  cells.  The  results  indicated  that the  risk  of  stone  formation  can  be

 DPS  
reduced  by  DPS,  and  that

. Introduction

Urinary stone is a frequently occurring clinical disease, and its
ain component is calcium oxalate (CaOxa) (Yasir & Waqar, 2011).
lthough drugs such as citric acid salt can be used for treatment,

heir therapeutic mechanisms have not yet been properly under-
tood. Therefore, developing novel, highly effective, less toxic, and
heap anti-stone drugs is of great scientific and practical signifi-
ance.

Soybean polysaccharides (SPS) are water-soluble polysaccha-
ides that are extracted and refined from soybeans, and they
elong to acid polysaccharides (Funami et al., 2008; Li, Matsumoto,
akamura, Maeda, & Matsumura, 2009; Lu, Hou, & Ouyang, 2010).
PS contains an acid glycosyl main chain composed of galactur-
nic acids and a neutral glycosyl side chain containing arabinose.
ts physicochemical properties and molecular structure are similar
o those of glycosaminoglycans, which are the urolith inhibitors in
rine. In addition, SPS can eliminate hydroxyl radicals, which makes
PS a potential green exogenous drug for the prevention and treat-
ent of urolithiasis. Studies in vitro showed that SPS can inhibit the
ggregation of calcium oxalate monohydrate (COM) crystals and
nduce the formation of calcium oxalate dihydrate (COD) crystals
Lu, Hou, & Ouyang, 2010).

∗ Corresponding author.
E-mail address: toyjm@jnu.edu.cn (J.-M. Ouyang).

144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.05.056
may  be  a potential  green  drug  to  prevent  the  formation  of  CaOxa  stones.
© 2012 Elsevier Ltd. All rights reserved.

However, natural SPS encounters difficulty in penetrating the
cell membranes to exert its biological effects due to its high molec-
ular weight and large molecular size (Le, Yin, & Xu, 2006), which
results in its restricted clinical application. On the other hand, the
biological activity of natural polysaccharides may  be improved by
degradation. For example, degraded sulfuric acid polysaccharide
from spirulina, with low molecular weight, exhibits better antitu-
mor  activity than its un-degraded counterparts in vitro (Le, Yin,
& Xu, 2006). Compared with ordinary heparin, heparin with low
molecular weight exhibits a higher bioavailability and can inhibit
atherosclerosis (Holmer, Kurachi, & Sodertrom, 2002). Degraded
sulfuric acid polysaccharide from seaweed, with low molecular
weight, exhibits a significantly higher ability to inhibit CaOxa for-
mation than the un-degraded polysaccharide with high molecular
weight (Ouyang, Wang, Lu, & Tan, 2010).

SPS was degraded with hydrogen peroxide in a previous study
(Yao, Tan, Lu, & Ouyang, 2011). After degradation, the average
molecular weight, carboxyl content, and intrinsic viscosity [�] of
SPS decreased from 115,200, 13.8%, and 0.498 L/g to 10,200, 11.8%,
and 0.1056 L/g, respectively, whereas the solubility of the degraded
SPS increased from 8 g/L to 40 g/L.

Cell damage plays a major role in kidney stone formation (Lee
et al., 2011; Yu et al., 2011). In previous papers (Ouyang, Yao, Tan,

& Wang, 2011; Yao, Deng, & Ouyang, 2011; Zhang et al., 2012),
two kinds of cell lines were used to study the effect of cell dam-
age on the formation of CaOxa crystals, particularly HKC, which
was  an optimized and differentiated human renal proximal tubular

dx.doi.org/10.1016/j.carbpol.2012.05.056
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:toyjm@jnu.edu.cn
dx.doi.org/10.1016/j.carbpol.2012.05.056
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pithelial cells, and Vero, which was obtained from the renal
pithelial cells of an African green monkey. The results suggest
hat injured HKC induces stone formation by providing more nucle-
ting sites for crystals, by promoting the aggregation of crystals,
nd by inducing the formation of COM crystals (Yao, Deng, et al.,
011; Zhang et al., 2012). The crystals induced by the injured Vero
re the mixture of COD and COM crystals, which exhibit irregular
hapes with sharp edges, whereas the crystals induced by the cells
n the control group are mainly COD crystals with round edges and
mooth surfaces (Ouyang et al., 2011). After incubation in CaOxa
upersaturated solution for a considerable length of time, the Vero
ells in the control group can also be subjected to injury, and then
romote the growth of crystals, suggesting that the retention of
igh concentration of CaOxa in the urinary tract is a risk factor for
he formation of kidney stones in vivo. Furthermore, the injured
ells cause the formation of kidney stones because they promote
he formation of harmful crystals and enhance the adhesion to
rystals.

Exogenous polysaccharide molecules can repair damaged cells
Matsuo, 2008; Yao, Peng, Tan, & Ouyang, 2012) because they con-
ain some negatively charged groups, such as OH, SO3H, and
COOH (Ouyang et al., 2010), which can reduce the loss of the neg-
tive charge on the cell surface and repair the charge barrier, among
thers.

Based on the previous study, degraded polysaccharide (DPS) can
nhibit the growth and aggregation of CaOxa crystals. The current
tudy used DPS to repair the injured Vero cells, and compared the
ifferences among the three states of Vero, namely, normal, injured,
nd repaired, in regulating CaOxa crystal growth, to discuss further
he mechanism of kidney stone formation and then provide exper-
mental evidence for the development of new anti-stone drugs.

. Experiment

.1. Reagents

SPS was extracted and refined from soybeans as previously
escribed (Lu, Hou, & Ouyang, 2010), and DPS was obtained via
he hydrogen peroxide degradation method. The basic parameters
f SPS and DPS were the following: the average molecular weights
ere 115,200 and 10,200, the carboxyl contents were 13.8% and

1.8%, the intrinsic viscosities [�] were 0.498 and 0.1056 L/g,
nd the solubilities were 8 and 40 g/L, respectively. Conventional
hemicals, such as potassium oxalate (K2Oxa) and CaCl2, were of
nalytical grade.

African green monkey renal epithelial cells (Vero) were pur-
hased from Shanghai Cell Bank (China). The cell proliferation assay
it (Cell Couting Kit 8, CCK-8) was purchased from Dojindo Lab-
ratory (Kumamoto, Japan). Superoxide dismutase kit (SOD) was
urchased from the Jiancheng Institute of Biotechnology of Nanjing
China). Cell culture plates were purchased from Iwaki (Japan).

.2. Apparatus

The XL-30 type environmental scanning electron microscope
ESEM) was from Holland Philips Company. The Optima 2000DV
nductively coupled plasma atomic emission spectrometry (ICP-
ES) was from America PE Co. The Fourier transform infrared
pectrometer (FT-IR) was from America Nicolet Co. The D/Max 2400

ype X-ray powder diffraction was from Rigaku, Japan. The Zatasizer
00HS nanoparticle size-Zeta potential analyzer was  from Malvern,
ngland. The Enzyme Mark Instrument was from Safire2, Tecan,
witzerland.
lymers 90 (2012) 392– 398 393

2.3. Crystallization of CaOxa

CaCl2 solution (20 mL,  30 mmol/L) and different volumes of DPS
or SPS were mixed in a beaker, diluted to 30 mL  with double-
distilled water, and then stirred with a magnetic stirrer for 10 min.
Afterward, 30 mL  of 20 mmol/L K2Oxa solution was added. The final
concentrations of CaCl2 and K2Oxa were both 10 mmol/L, and the
concentrations of polysaccharide were from 0 g/L to 0.60 g/L. After
10 min  of reaction, the suspension was centrifuged, and the concen-
tration of soluble Ca2+ ions in the supernatant was measured using
the ICP-AES method. CaOxa precipitates were dried for component
analysis using XRD and FT-IR, and some precipitates were ultrason-
ically dispersed with anhydrous alcohol to observe the morphology
by SEM.

The relative percentage contents of COM and COD in CaOxa pre-
cipitates were calculated by the K value method according to the
XRD patterns (Donnet, Jongen, Lemaitre, & Owen, 2000).

2.4. Zeta potential measurement of CaOxa crystals

CaOxa crystals (10.0 mg), precipitated under different condi-
tions as previously described, were dissolved in 30 mL  double-
distilled water and ultrasonically processed for 10 min. The Zeta
potential of the suspension was measured using the Zeta potential
analyzer.

2.5. Repair effect of DPS on the renal epithelial cells (Vero) of the
African green monkey

The culture, injury, and repair of Vero cells were performed in
an incubator at 37 ◦C with 5% CO2 and saturated humidity as pre-
viously described (Ouyang et al., 2011). The cells were divided into
three groups. For the control group, only serum-free medium was
added. For the injury group, serum-free medium containing H2O2
(the final concentration was  0.3 mmol/L) was  added to the cells for
1 h, and the cells were oxidatively injured. Then, the injured cells
were rinsed twice with PBS and were prepared for the succeed-
ing experiments. For the repair group, 1 and 10 �g/mL of DPS were
added into the injured cells for 2 h. Then, the cell morphologies
in the three groups were observed. Cell viability was  then deter-
mined using the CCK-8 method, and the extracellular SOD activity
was  measured using the SOD kit.

The following procedures were performed to detect cell via-
bility. After the cells were trypsinized, 100 �L of cell suspension
(1 × 105 cells/mL) was  plated in 96-well plates and cultured in
DMEM/F12 containing 10% newborn calf serum for 24 h. The
medium was then aspirated, and the cells were kept in the serum-
free medium for 12 h to achieve quiescence. Afterward, the cells
were divided into three groups: the control, injury, and repair
groups. CCK-8 (10 �L) was  added into each well. After 4 h of incu-
bation, absorbance (A) was  measured using the enzyme mark
instrument at 450 nm. Three wells were measured in parallel under
the same conditions to obtain the average value of A. Cell viability
was  calculated using Aexp/Acon × 100%, where Aexp is the absorbance
of the cells exposed to the reagents and Acon is the absorbance of
the control cells.

For the SOD activity measurement, the cell suspension with
a concentration of 1 × 105 cells/mL was  inoculated into 24-well
plates (500 �L per well) and cultured in the incubator at 37 ◦C with
5% CO2. After synchronization, the cells were divided into three
groups: the control, injury, and repair groups. The experiment was
repeated thrice. SOD activity in the supernatant was examined

using the SOD kit.

To determine the regulation of cells on CaOxa crystal growth,
the cell suspension was  inoculated into 12-well plates with a final
concentration of 1 × 105 cells/mL (1 mL  per well) and with cover
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Fig. 2. XRD patterns of CaOxa precipitates formed in the presence of different con-
ig. 1. Induction capacity comparison of the different concentrations of DPS and
PS on COD formation: (a) DPS and (b) SPS.

lips at the bottom. A large area of the cover slips was covered with
ells after 24 h of incubation, and then the media were changed
o serum-free DMEM-F12 for 12 h of synchronization. The cells
ere divided into three groups: the control, injury, and repair

roups. A serum-free medium containing 0.5 mmol/L of CaOxa was
dded to each group. After 6 h of incubation, the cover slips were
emoved and washed with D-Hanks thrice, and then fixed with
.5% glutaraldehyde for 24 h. The cells were washed again thrice
ith D-Hanks, dehydrated in gradient ethanol (30%, 50%, 70%, 90%,

nd 100%, subsequently), washed thrice with isoamylacetate, dried
nder the critical point of CO2, and embedded via gold sputtering.
he cell morphology and crystal growth in the three groups were
bserved through SEM.

. Results and discussion

.1. Inhibition of DPS on CaOxa growth, aggregation and
nduction on COD formation

.1.1. XRD analysis
Fig. 1 shows the relative mass percentage of COD in CaOxa pre-

ipitates after adding different concentrations of DPS or SPS as
uantitatively calculated using the K value method, according to
he previously described XRD spectra (Donnet, Jongen, Lemaitre, &
wen, 2000). The following can be concluded:

1) For both DPS and SPS, the relative mass percentage of induced
COD crystals increased with enhanced c(DPS) or c(SPS).

2) For DPS, when c(DPS) was less than or equal to 0.0045 g/L, only
COM crystals formed, and the XRD patterns revealed diffrac-
tion peaks of COM crystals attributed to the planes of (1 0 1),
(0 2 0), (2 0 2), and (1 3 0) (Fig. 2a). In contrast, c(DPS) increased
to 0.30 g/L, diffraction peaks of COM disappeared completely,
and the remaining products were all COD crystals (Fig. 2c), with
the main diffraction peaks corresponding to the (2 0 0), (2 1 1),
(4 1 1), and (2 1 3) planes.

3) For the un-degraded SPS, COD crystals appeared only when
c(SPS) increased to 0.067 g/L; 100% induction of COD crystal
formation occurred at 0.50 g/L of SPS.
These results show that DPS exhibited a much stronger ability
o induce and to stabilize COD crystals compared with SPS, which

ay  be attributed to the following reasons:
centrations of DPS: (a) 0.0045; (b) 0.045 and (c) 0.30 g/L. c(CaOxa) = 10.0 mmol/L. The
crystal faces marked with an asterisk indicate COD and those without an asterisk
refer to COM.

(1) DPS is an anionic polymer and contains up to 11.8% of carboxylic
acid group (COO−)8, whereas the (1 0 1) plane of COM crys-
tals was positively charged (Qiu et al., 2005). Therefore, these
polysaccharide molecules with negative charges (COO−) could
adhere to the COM surface through electrostatic interaction,
which prevents the further deposition of Ca2+ ions on COM
surface and inhibits the growth of COM. In contrast, the COD
surface is electrically neutral (Jung, Kim, & Choi, 2004; Jung,
Sheng, et al., 2004), which indicates the weaker adsorption abil-
ity to DPS. Therefore, DPS simultaneously promotes the growth
of COD crystals and inhibits the formation of COM crystals.

(2) Abundant Ca2+ ions were regionally enriched at the surface of
DPS after the acid group of DPS chelated with Ca2+ ions, result-
ing in the formation of a high-energy interface. In addition, the
freedom degree of adsorbed Ca2+ ions decreased, whereas the
energy state increased. The aforementioned high-energy inter-
face and the Ca2+ ions at the high-energy state both facilitated
the generation of thermodynamic metastable COD.

(3) The absorption of Ca2+ ions on the DPS surface led to a
significant increase in Ca2+ ion concentration on the sur-
face than in the bulk; hence, the positive/negative ion ratio
(Ri,Ri = [Ca2+]/[Oxa2−]) diverged from the stoichiometric ratio
of crystals. Excessive Ca2+ ions (Ri > 1.0) facilitate the formation
of COD crystals, and excessive Oxa2− ions (Ri < 1.0) facilitate the
formation of COM crystals (Jung, Kim, et al., 2004). Thus, the
adsorption of Ca2+ by DPS promoted COD formation.

COD had a smaller surface area than COM, thus, its contact inten-
sity to renal tubular cells was  lower than that of COM (Wesson,
Worcester, Wiessner, & Mandel, 1998), i.e., COD crystals would
be more easily excreted with urine than COM crystals. Therefore,
inducing more COD formation in CaOxa crystals can prevent the
formation of urinary stones. DPS may  be a potential green drug for
preventing the formation of urinary stones.

3.1.2. FT-IR analysis

The FT-IR spectra of CaOxa crystals in the presence of different

DPS concentrations were determined. The representative spectra
are shown in Fig. 3. Fig. 3a and b shows the CaOxa precipitates
that are produced when the DPS concentrations were 0.0045 and
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Fig. 3. FT-IR spectra of CaOxa precipitates formed in the presence of diff

.30 g/L, respectively. All products were COM crystals in the former
ondition, which became COD crystals in the final condition. Fig. 3a
nd b illustrates the following distinct differences:

1) The shape and intensity of crystal water absorption peaks were
different (A area in Fig. 3). For COM crystals, the 3000 cm−1 to
3600 cm−1 region had multiple peaks, whereas COD crystals
(Fig. 3b) only had a single absorption peak at 3445 cm−1.

2) In the B area of Fig. 3a, the asymmetrical stretching vibration
�as(COO−) of carbonyl appeared at 1618 cm−1, whereas the
�s(COO−) appeared at 1319 cm−1, both indicating the pres-
ence of COM crystals (Girija, Latha, Kalkura, & Subramanian,
1998; Ouyang, Duan, & Tieke, 2003). In Fig. 3b, the �as(COO−)
and �s(COO−) occurred at approximately 1646 and 1327 cm−1,
respectively, indicating the presence of COD.

3) In the fingerprint region (C area), the absorption peak at
783 cm−1 in Fig. 3a was very sharp and corresponded to COM,
whereas the peak of COD at 783 cm−1 was weaker and wider.
The appearance at 662 and 612 cm−1 could further indicate
COM and COD crystals, respectively.

When the DPS concentration ranged from 0.0045 g/L to 0.30 g/L,
arying blue-shifts of �as(COO−) and �s(COO−) appeared (Fig. 4),
anging from 1618 cm−1 to 1646 cm−1 (Fig. 4a) and from 1319 cm−1

o 1327 cm−1(Fig. 4b), respectively. This showed that the precipi-
ates were a mixture of COM and COD crystals, and the percentage
f COD crystals in the precipitates gradually increased, which were
onsistent with the corresponding XRD results. Moreover, the curve
n Fig. 4 rapidly increased, initially, and then increased at signifi-
antly slower rates; the slower increase may  be attributed to the
ibration strength of COM, which is two to three times higher than
hat of COD (Laurence, Levillain, Lacour, & Daudon, 2000). Thus, the
lue-shifts of �as(COO−) and �s(COO−) were not proportional to the
ercentage of COD crystals in the COM–COD mixture.
.1.3. SEM observation
Fig. 5 shows the crystal morphologies of DPS-induced COM and

OD, wherein the following were observed:
ber/ cm Wavenumber / cm

concentrations of DPS: (a) 0.0045 and (b) 0.30 g/L. c(CaOxa) = 10 mmol/L.

(1) When the concentration of DPS was 0.0045 g/L, CaOxa existed as
flake crystals with clear edges and corners, as well as significant
aggregation (Fig. 5a). XRD (Fig. 2a) and FT-IR (Fig. 3a) revealed
that these crystals were COM crystals.

(2) When DPS concentration increased to 0.045 g/L, CaOxa crystals
showed blunt edges and weaker crystal aggregation (Fig. 5b),
and these crystals were a mixture of COM–COD crystals
(Fig. 2b). The fact that DPS can inhibit COM  crystal aggregation
can be attributed to the negative Zeta potential on the crystal
surface after DPS adhered to positively charged COM crystals
(Fig. 6), which produced an enhanced electrostatic repulsive
force among the COM crystals.

(3) When DPS concentration further increased to 0.30 g/L, most
CaOxa crystals became blunt (Fig. 5c), with a significantly
increased dispersion degree and small aggregation, and the XRD
results indicated that the crystals were COD (Fig. 2c). The fol-
c(DPS) / g/ L

Fig. 4. Effect of DPS concentration on the wavenumber of the main peaks of CaOxa
crystals: (a) �as(COO−) and (b) �s(COO−).
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Fig. 5. SEM images of CaOxa precipitates formed in the presence of various concen
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Fig. 6. Zeta potentials of CaOxa crystal suspension in the presence of different con-
centrations of DPS.
trations of DPS: (a) 0.0045; (b) 0.045 and (c) 0.30 g/L. c(CaOxa) = 10 mmol/L.

a dissolution–complexation balance, which leads to a constant
dissolution-deposition of CaOxa crystals, and eventually, to the
edges becoming blunt. These scattered COD crystals with blunt
edges are more easily excreted due to their small surface area
and weak adhesion to the urinary cell surface. Therefore, com-
pared with the COD crystals with sharp edges, the blunt COD
crystals are more conducive to the inhibition of the formation
of CaOxa stones.

3.1.4. Zeta potential of CaOxa suspension
The Zeta potentials of CaOxa crystal suspension are shown in

Fig. 6. As DPS concentration increased from 0 g/L to 0.60 g/L, the
Zeta potentials of the induced CaOxa crystals reduced from −4 mV
to −20 mV,  which can be attributed to the positively charged sur-
face of COM crystals (Qiu et al., 2005), whereas that of COD crystals
were nearly neutral (Jung, Kim, et al., 2004; Jung, Sheng, et al., 2004).
Thus, the Zeta potentials of the crystal surface were weaker before
chelating with DPS, and then became negative after the crystal sur-

face was  covered with a layer of negatively charged polysaccharide
molecules. The repulsive force among crystals increased after the
Zeta potential became negative, which inhibited the crystal aggre-
gation and deposition from urine.
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Table 1
Concentration of soluble Ca2+ ions in the supernatant after the precipitation of calcium oxalate as determined by ICP-AES/�mol/L.

Conc./g/L 0 0.0045 0.045 0.067 0.10 0.15 0.30 0.50

DPS 49 52 88 102 141 185 267 301
9

3

w
a
C
t
c
b
(

p
c
t
c
b
i
t

F
c

SPS  49 52 79 

.1.5. Measurement of soluble Ca2+ ions by ICP-AES
The concentration of soluble Ca2+ ions in the supernatant

as measured using ICP-AES after CaOxa precipitates were sep-
rated (Table 1). As DPS concentration increased, the soluble
a2+ ions concentration also increased. At the same concentra-
ion, DPS could induce a higher concentration of soluble Ca2+ ions
ompared with SPS; however, the soluble Ca2+ concentrations at
oth conditions were higher than that of the blank control group
49 �mol/L).

The enhanced soluble Ca2+ concentration was due to the com-
lexation between Ca2+ and SPS, particularly the degraded DPS. The
oncentration of soluble Ca2+ ions in the system was  higher than
hat with the same concentrations of SPS because the molecular

2+
hain of DPS greatly shortened and its ability to chelate Ca ions
ecame stronger, i.e., compared with SPS, DPS showed a stronger

nhibition on CaOxa crystallization and CaOxa precipitate forma-
ion.

ig. 7. SEM images of CaOxa crystals induced by different states of Vero: (a) control gro
(DPS) = 10 �g/mL. Repair time: 2 h. Crystallization conditions: c(CaOxa) = 0.5 mmol/L; t =
7 130 168 229 276

3.2. Repair effect of DPS on injured Vero cells

3.2.1. Changes in the cell viability and extracellular SOD activity
of Vero cells before and after DPS repair

The repair effect of DPS on injured Vero cells was  investi-
gated. Cell viability was 100 ± 6.6% in the control group, whereas
it decreased to 72.1 ± 4.1% (P < 0.05) after being injured by
0.30 mmol/L of H2O2 for 1 h, indicating that Vero cells were seri-
ously injured by H2O2.

After repairing with DPS, the cell viability of injured Vero
increased and showed a positive correlation with DPS concen-
tration. To illustrate, at 1 and 10 �g/mL DPS concentrations, the
Vero viability was 80.2 ± 5.1% and 87.5 ± 6.1% (P < 0.05), respec-

tively. Thus, DPS could effectively repair injured Vero cells in a
dose-dependent manner.

After the repair by DPS, the extracellular SOD activity of Vero
also increased, indicating the improved ability to scavenge free

up; (b) injury group and (c) repair group I: c(DPS) = 1 �g/mL; (d) repair group II:
 6 h.
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adicals. The SOD activity of Vero was 11.2 ± 0.3 U/mL in the
ontrol group, whereas it declined to 8.5 ± 0.4 U/mL (P < 0.05)
fter H2O2 injury. After the repair by 1 and 10 �g/mL DPS, the
OD activity increased to 9.9 ± 0.5 and 11.3 ± 0.6 U/mL (P < 0.05),
espectively.

.2.2. Differences of Vero cell induction on CaOxa crystals before
nd after repair

Fig. 7 shows the SEM images of CaOxa crystals induced by dif-
erent states of Vero cells in 0.5 mmol/L of CaOxa solution. The
ollowing were observed:

1) The CaOxa crystals induced by normal Vero were in lower quan-
tity and in smaller size, indicating that the surface of normal
Vero could inhibit the crystal growth.

2) Compared with normal Vero, injured Vero-induced CaOxa crys-
tals showed a significantly increased quantity as well as size
with sharp edges (Fig. 7b). The injured cells expressed various
negatively charged materials on their upper membrane surface
(Fong-ngern, Peerapen, Sinchaikul, Chen, & Thongboonkerd,
2011; Ouyang, Yao, Tan, & Wang, 2011), such as hyaluronic
acid, collagen protein, and osteopontin (OPN). After the nega-
tively charged materials were distributed on the cell membrane
surface, they became the sites that adsorb the Ca2+ ions and pos-
itively charged COM microcrystallines, thereby promoting the
nucleation, growth, and adhesion of CaOxa crystals (Ouyang,
Yang, & Tan, 2010). Thus, cell injury tends to enhance the risk
of kidney stone formation.

3) When the injured Vero cells were repaired by 1 and 10 �g/mL
DPS for 2 h (Fig. 7c and d), the size of the induced CaOxa crystals
gradually decreased, and the edges and corners of the crystals
became blunter, which may  be attributed to the capability of
injured cells to resist crystal growth and gradual recovery after
repair. Compared with the CaOxa crystals with irregular shape
and sharp edges, the blunt crystals cannot easily adhere to the
cell, thereby causing relatively lesser harm to the cells (Ouyang
et al., 2011).

. Conclusions

DPS can effectively increase the concentration of soluble Ca2+

n the system, inhibit the growth and aggregation of COM, induce
he generation of COD, and blunt the edges of CaOxa crystals. DPS
xhibited a much stronger ability to induce and stabilize COD crys-
als compared with SPS. DPS exhibited a distinct repair effect on
2O2-injured Vero cells in a dose-dependent manner. The repaired
ell showed increased cell viability and extracellular SOD activ-
ty. The capability of the three states of Vero to inhibit CaOxa
rowth and adhesion follows this trend: control group > repair
roup > injury group. The repaired cells can reduce the formation
f CaOxa crystals with sharp edges and corners, as well as decrease
he size and quantity of crystals. Thus, repair of the injured renal
pithelial cells can reduce the risk of kidney stone formation. The
esults indicated that DPS may  be a potential green drug for the
revention and treatment of kidney stones.
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