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Abstract Hyperoxaluria and crystal deposition induce
oxidative stress (OS) and renal epithelial cells injury, both
mitochondria and nicotinamide adenine dinucleotide phos-
phate (NADPH) oxidase are considered as the main sources
of reactive oxygen species (ROS). Taurine is known to have
antioxidant activity and shows renoprotective effect. We
investigate the effect of taurine treatment on renal protec-
tion, and the putative source of ROS, in a rat model of
calcium oxalate nephrolithiasis. Rats were administered
with 2.5% (V/V) ethylene glycol 4+ 2.5% (W/V) ammo-
nium chloride (4 ml/day), with restriction on intake of
drinking water (20 ml/day) for 4 weeks. Simultaneous
treatment with taurine (2% W/W, mixed with the chow) was
performed. At the end of the study, indexes of OS and renal
injury were assessed. Renal tubular ultrastructure changes
were analyzed under transmission electron microscopy.
Crystal deposition in kidney was scored under light
microscopy. Angiotensin II in kidney homogenates was
determined by radioimmunoassay. Expression of NADPH
oxidase subunits p47phox and Nox-4 mRNAs in kidney was
evaluated by real time-polymerase chain reaction. The data
showed that oxidative injury of the kidney occurred in
nephrolithiasis-induced rats. Hyperplasia of mitochondria
developed in renal tubular epithelium. The activities of
superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) in mitochondria decreased and the mitochondrial
membrane showed oxidative injury. Taurine treatment
alleviated the oxidative injury of the kidney, improved SOD
and GSH-Px activities, as well as the mitochondrial
membrane injury, with lesser crystal depositions in the
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kidney. We could not detect statistical changes in the renal
angiotensin II level, and the renal p47phox and Nox-4
mRNAs expression in those rats. The results suggest that
mitochondria but not NADPH oxidase may account for
the OS and taurine protected kidney from oxidative
injury through mitochondrial-linked pathway in this rat
model.
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Introduction

Calcium oxalate (CaOx) is the most common type of
human kidney stone, of which hyperoxaluria is the major
risk factor [1]. The mechanism by which a CaOx stone is
formed is complex, and many factors are believed to be
involved. The key role of renal epithelial cells injury in the
development of CaOx renal stone has been deeply inves-
tigated and discussed elsewhere [2, 3]. Tissue culture and
animal model studies have provided evidence that renal
epithelial cells are injured in the presence of high levels of
oxalate (Ox) and CaOx crystals [4-8]. It has been proposed
that cellular injury promotes crystal retention within the
renal tubules through promotion of nucleation, aggregation
and attachment of crystals to the renal epithelium, a cas-
cade of events, which is important in the pathogenesis of
nephrolithiasis [2, 3].

It has been confirmed that injury of renal epithelial cells
is mediated by the overproduction of reactive oxygen
species (ROS) [7-10], produced mostly from mitochondria
[11, 12], or nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase [9, 13]. The principal ROS’s are
superoxide (O, ™), hydrogen peroxide (H,O,) and hydroxyl
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radical (OH7); they are highly reactive and can damage
lipids, proteins, carbohydrates and nucleotides. The bal-
ance between ROS production and the antioxidant defense
system (including antioxidants, such as glutathione (GSH),
and antioxidant enzymes, such as superoxide dismutase
(SOD), glutathione peroxidase (GSH-Px) and catalase)
determines the degree of oxidative stress (OS). Treatment
with this kind of antioxidants provided protection from the
generation of ROS and associated lipid peroxidation and
injury in vitro [7, 9, 10]. Moreover, treatment with other
antioxidant agents, such as vitamin E [14], methionine
[15], GSH monoester [16], green tea [17], etc., resulted in a
decrease in crystal deposition in the kidneys of hyperox-
aluric rats. Since ROS appears responsible for cellular
injury, therapeutic utilization of antioxidants to control
renal OS may prove an effective therapy in renal protection
and control of stone recurrence [18-20], especially in view
of the recent finding that total antioxidant status is fre-
quently deficient in stone-forming individuals [21].

Taurine is a B-amino acid naturally found in kidney.
Previous studies have shown that taurine has a protective
effect in kidney [22-25], and serves as an antioxidant agent
[26]. Moreover, taurine was found to prevent tamoxifen-
induced mitochondrial oxidative injury in mice and the
protection is afforded either by reversing the decline of
antioxidants or by the direct free radical-scavenging
activity [27]. In addition, taurine is an effective inhibitor of
angiotensin II action [28], and hyperoxaluria was proved to
activate the renal renin-angiotensin system (RAS) [29-31].
It has been shown that angiotensin II is implicated in
causing OS by stimulating NADPH oxidase leading to
increased generation of superoxide [32]. Based on those
findings, we hypothesized that taurine would be beneficial
in the treatment of renal oxidative injury induced by
hyperoxaluria and crystal deposition, through the mito-
chondrial and/or NADPH oxidase-linked pathway. There-
fore, this study was performed to investigate the effect of
taurine treatment on renal protection in a rat model of
CaOx nephrolithiasis, the putative source of ROS was
explored as well.

Materials and methods
Animals and experimental protocols

Animal model of CaOx nephrolithiasis was established in
adult male Sprague-Dawley rats (190-200 g) by intragas-
tric administration of 2.5% (V/V) ethylene glycol (EG) +
2.5% (W/V) ammonium chloride (AC) 2 ml twice daily,
with restriction on intake of drinking water (20 ml/day) for
4 weeks. EG and AC were dissolved in water and given
through a stomach tube. Four groups of eight rats each
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were studied: group A, untreated control animals; group B,
nephrolithiasis without treatment; group C, nephrolithiasis
with taurine (2%, W/W, mixed with the chow); group D,
only taurine (2%, W/W). Rats were kept under a controlled
12 h light/dark cycle at 22 4 2°C. All rats had free access
to chow. Taurine (purity > 99.5%) was purchased from
Shanghai Seebio Biotech, Inc. Rats were purchased from
Shanghai SLAC Laboratory Animal CO. Ltd. All experi-
mental protocols were conducted in accordance with the
guidelines of the Guangxi Medical University Institutional
Animal Care and Use Committee and the National Insti-
tutes of Health Guide for the Care and Use of Laboratory
Animals.

Urine collection and analysis

At the end of the study, 24-h urine collection was made
with 0.02% sodium azide to prevent bacterial growth. Rats
were placed in metabolic cages for the collection of urine.
After determining urinary volume, urine was aliquoted for
various assays. For the determination of Ox, an aliquot of
24-h urine samples was acidified by the addition of 1 M
HCI (urine:HCI = 20:1). Analyses were performed by ion
chromatography method using a Dionex DX100 gradient
ion chromatography system equipped with a 0.4 x 25 cm
ASI10A anion exchange analytical column containing an
AGI10A guard column. Urinary creatinine was determined
by enzymatic method (automatic biochemistry analyzer,
HITACHI, 7170A). Crystalluria was examined by light
microscopy.

To investigate the development of OS, we determined
urinary excretion of 8-iso-prostaglandin F,, (8-IP), a
product of lipid peroxidation, by enzyme-linked immuno-
sorbent assay (ELISA) using a kit from ADL (ADL,
USA.Cat:552014) according to the manufacturer’s protocol
[33].

Kidney tissue processing and morphologic study

The rats were euthanized intraperitoneally with sodium
pentobarbital; kidneys were taken immediately after blood
extraction via vena cava for serum creatinine measurement
(enzymatic method). The details of kidney tissue prepara-
tion for light microscopy and transmission electron
microscopy (TEM) analyses are described in publications
[34]. The numbers of crystal depositions (percentage in
total tubules) in renal tubules were determined by assessing
randomly selected 20 fields per kidney (200x) [29].

To validate that p47phox and Nox-4 express in kidney
of normal and EG + AC-treated rats, the two proteins were
localized immunohistochemically using specific antibodies
(Anti-p47phox, Upstate Inc, Cat 07-497; Anti-Nox-4, Santa
Cruz Biotechnology, Cat sc-21860).
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Preparation of renal mitochondria

Renal mitochondria were prepared by conventional methods
of differential centrifugation using a kit from GENMED
(GENMED Scientifics INC. USA. Cat: GMS10006.2).
Details of preparation for renal mitochondria are described
in publications [35]. Mitochondrial protein was determined
using the BioRad Protein Assay kit (BioRad Laboratories,
Hercules, CA, USA).

Determination of enzymatic activities of SOD
and GSH-Px in renal mitochondria

The activity of antioxidant enzymes SOD and GSH-Px in
the renal mitochondria samples were determined spectro-
photometrically [22] using two kits from the Nanjing
Jiancheng Biochemistry (China, Cat: A001 and AO00S5)
according to the manufacturer’s protocol.

Assessment of mitochondrial oxidative injury

Oxidative injury of mitochondria were assessed by fluores-
cence spectrophotometrical analysis using a kit from GEN-
MED (GENMED Scientifics INC. USA. Cat:GMS10017.2)
according to the manufacturer’s protocol. The levels of
injury were assessed by measuring the relative fluorescence
unit (RFU) of sample, which represents the quantities of
cardiolipin, the main component of the mitochondrial
membrane. Cardiolipin was degraded in the state of OS (lipid
peroxidation) and the RFU decreased.

Measurement of angiotensin II in kidney homogenate

Four rats of each group were killed to take the whole
kidney for angiotensin II measurement. Kidney was
homogenized with three volumes of cold PBS and centri-
fuged at 8,000xg for 10 min. The supernatant of kidney
homogenate were assayed for total protein using the Bio-
Rad Protein Assay kit (BioRad Laboratories, Hercules, CA,
USA) and the concentration of angiotensin II was measured
by radioimmunoassay method [29] using a kit from the
North Biochemistry Institute(China).

Real-time polymerase chain reaction for NADPH
oxidase subunits p47phox and Nox-4 mRNAs in kidney

The mRNA levels of p47phox, Nox-4 and glyceraldehyde-
3 phosphate dehydrogenase (GAPDH) in whole kidney
were determined by real-time polymerase chain reaction
(RT-PCR). Total RNA was isolated from kidney using
TRIZOL Reagent (Takara, Japan) according to the manu-
facturer’s protocol. One microgram of total RNA was
reverse-transcribed to cDNA using a kit from Takara (Cat:

DRRO063A). In brief, 20-pl reactions contained total RNA
1.0 pg, oligo dT Primer 1 pl, Random 6 mers 1 pl,
PrimeScript™ RT Enzyme Mix I 1 pl, 5 x PrimeScript™
Buffer 4 pl. This mixture was incubated 15 min at 37°C,
and then reaction mixture was heated to 85°C for 5 s to
stop the reaction.

Primers for real-time PCR

Primers were designed using Primer Express software (PE
Applied Biosystems, Foster City, CA, USA) as follows:
GAPDH (accession no. NM_017008), 5’'-ggcacagtcaaggc
tgagaatg-3’ (forward primer) and 5'-atggtggtgaagacgc
cagta-3’ (reverse primer), amplifying a 143-bp product;
p47phox (accession no. NM_053734) 5'-ccacgggtattgce
taggatgaga-3’ (forward primer) and 5'-agactaaggcagcggg
taatcaga-3’ (reverse primer), amplifying a 91-bp product;
Nox-4(accession no. NM_053734) 5'-actgcctccatcaagee
aaga-3’ (forward primer) and 5'-cttccaaatgggccatcaatgta-3’
(reverse primer), amplifying a 90-bp product.

Real-time quantitative PCR

Polymerase chain reaction product was directly monitored
by measuring the increase in fluorescence of dye (SYBR
green; Takara) bound to the amplified double-stranded
DNA. The parameter of threshold cycle (CT) was defined
as the fractional cycle number at which fluorescence
exceeds a threshold level. The comparative CT method
quantifies the amount of mRNA relative to that of a ref-
erence sample, termed the calibrator, for comparison of the
expression level of every unknown sample. For normaliz-
ing the relative amount of p47phox and Nox-4 mRNAs,
GAPDH mRNA was chosen as an internal reference. The
changes in expression are given by unknown samples
of interest. All PCR reactions were performed using an
iCycler Sequence Detection System (iCycler Biosystems).
For each PCR run, a master mix was prepared: 2 pul cDNA,
0.4 pl (10 uM) each of the forward and reverse primer set
for GAPDH, p47phox or Nox-4,2 x SYBR Premix Ex
TaqTM 10 pl, dH,O 7.2 pl (all from a kit of Takara, Cat:
DRRO63A).After an initial 10-s denaturation at 95°C, the
thermal cycling comprised 40 cycles of denaturation at
95°C for 10 s and annealing and extension at 60°C for 20 s.
After the end of reaction, the melting curve analysis was
made to validate the specificity of the PCR products by
increase the temperature from 55 to 95°C at the speed of
0.5°C per cycle.

Statistical analysis

The data are presented as mean £+ SD. We used one-way
factorial ANOVA to test for overall differences among the
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groups, followed by Student—-Newman—Keuls to compare
the separate groups. P values <0.05 denoted the presence
of a statistically significant difference.

Results

Urinary oxalate, creatinine clearance, 8-IP
and kidney/body weight

As expected, there was a marked increase in urinary
excretion of oxalate by rats in groups B and C. Rate of
creatinine clearance was lower in EG + AC received rats
of group B compared with the normal rats of group A. The
clearance rate, however, improved significantly when rats
were given taurine as seen in group C rats. Compared to the
control, the concentration of urinary 8-IP elevated signifi-
cantly in group B (P < 0.01), demonstrating the develop-
ment of OS after induction of nephrolithiasis. In contrast,
when treated with taurine, urinary 8-IP decreased signifi-
cantly (group B vs group C, P < 0.05). There were no
significant differences in kidney/body weight between
group A and D, but rate of that increased significantly after
induction of nephrolithiasis by EG + AC in group B
(group A vs. group B, P < 0.01). Taurine treatment also
reduced the rate of kidney/body weight (group B vs. group
C, P < 0.05). (All data are summarized in Table 1).

Enzymatic activities of SOD and GSH-Px
in mitochondria

As shown in Fig. 1, both enzymatic activities of SOD and
GSH-Px were significantly decreased in the renal mito-
chondria of rats received EG + AC (group B vs. group A,
P < 0.01). However, when treated simultaneously along

with taurine in rats of group C, the SOD and GSH-Px
activities improved significantly (group C vs. group B,
P < 0.05).

The relative fluorescence unit of mitochondria

Figure 2 shows that compared to the control, the RFU of
mitochondria samples decreased significantly after induc-
tion of nephrolithiasis by EG + AC in group B (P < 0.01),
but when treated simultaneously along with taurine in
group C, the RFU improved significantly (group B vs.
group C, P < 0.05).

Angiotensin II in kidney homogenate

The concentration of angiotensin II in kidney homogenates
was normalized by that of protein. As shown in Fig. 3,
there were no statistically significant differences in the
concentration of angiotensin II in kidney homogenates
among the four groups (P > 0.05).

Urinary crystals

Urinary crystals appeared distinctly during treatment with
EG + AC in the group B and C. We found no differences
in the shape and quantities of crystals between the two
groups (Fig. 4).

Renal tubular ultrastructure changes under TEM

As shown in Fig. 5, hyperplasia of mitochondria developed
notably in renal tubular epithelium of the EG + AC-
received rats in group B (Fig. 5b, c¢); mitochondria swell-
ing and nuclei disfiguration of the tubular epithelial cells
were also apparently (Fig. 5¢); while ultrastructure changes

Table 1 Urinary oxalate, creatinine clearance, 8-IP and kidney/body weight (x + s)

Group n Urinary oxalate Creatinine clearance Urinary 8-IP Kidney/body
(mg/24 h) (ml/min/100 g body weight) (pg/ml) weight (mg/g)
A 8 1.75 £ 0.65 0.42 £ 0.02 238 £ 0.44 3.22 £ 0.31
B 8 3.50 £ 0.96" 0.36 £+ 0.03" 5.00 £+ 0.74° 4.93 £+ 0.43°
C 8 3.27 £0.95 0.40 £ 0.03 4.13 £ 0.87" 4.38 £ 0.75"
D 8 1.51 + 0.42° 0.44 £ 0.02° 2.31 £ 0.53¢ 3.47 £ 0.30°

Values represent mean + SD

A represents control, B represents EG + AC-treated rats, C represents EG + AC + taurine-treated rats, D represents only taurine-treated rats

P <0.01 vs group A
® P>0.05vs group B
P < 0.01 vs group C

9 P <0.01 vs group B

P < 0.05 vs group C
f P <0.05 vs group B

@ Springer



Urol Res (2009) 37:211-220

215

o
L]
5 12r
=P
2 5101 x
g§8 | L T
il #
Elj"ﬁ‘
-
w5 4f
=
e L
_§32
B
£ A B C D
]
— 40
]
B a5t
. I !
£ 30r BT
o ~
s E Br
En’fzg_
% # I
I:EQIS’
£ 10
e 3
e 5
-]
D 1 1 1 S S0LK 1
A B c D

Fig. 1 Enzymatic activities of SOD and GSH-Px in mitochondria
from kidney homogenates (n = 8). A represents control, B represents
EG + AC-treated rats, C represents EG + AC + taurine-treated rats,
D represents only taurine-treated rats. Compared with group A
#P < 0.01, compared with group B *P < 0.05
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Fig. 2 The relative fluorescence unit (RFU) of mitochondria from
kidney homogenates (n = 8). A represents control, B represents
EG + AC-treated rats, C represents EG + AC + taurine-treated rats,
D represents only taurine-treated rats. Compared with group A
#P < 0.01, compared with group B *P < 0.05

were relatively slight in kidney of EG + AC + taurine-
treated rats from group C (Fig. 5d).

Hematoxylin and eosin-stained and Von Kossa-stained
kidney sections

To examine the presence of CaOx crystal in kidney, hema-
toxylin and eosin (H&E)-stained and Von Kossa-stained
sections of kidney were examined under light microscopy.
Compared with control kidneys, where tubules were
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Fig. 3 Angiotensin II in kidney homogenates (n = 4). A represents
control, B represents EG + AC-treated rats, C EG + AC + taurine-
treated rats, D represents only taurine-treated rats. Compared with the
control P > 0.05

compact and at a higher density (Fig. 6a), histological
examination of kidneys of rats received EG + AC in group
B revealed major changes. Crystals were observed in the
lumen (Fig. 6b, c, respectively, black asterisk), as were
distended distal tubules and tubular cells injury (Fig. 6b, c,
black arrows). Compared with kidneys of rats received
EG + AC, histological examination of the EG + AC +
taurine-treated rats showed lesser crystal depositions in
kidney. The crystal deposition numbers were 17.7 £ 3.5%
of group B vs 14.0 £ 3.1% of group C, P < 0.05, with
relatively slight morphological changes (Fig. 6d).

Immunostaining localization for p47phox and Nox-4
in kidney

Light microscopic observation of 2-um wax sections of
kidneys from the control and the rats received EG + AC
demonstrated that p47phox and Nox-4 express widely in
kidney, including renal cortex, inner medulla and outer
medulla, as shown in Fig. 7.

Quantification of p47phox and Nox-4 mRNAs
in kidney

The specificity of the PCR products had been confirmed by
2% agarose electrophoresis and by melting curve analysis.
The standard, amplification and melting curves for GAD-
PH, p47phox and Nox-4 indicated that assays were done in
optimum conditions. Figure 8 shows that there were no
statistically significant differences in the quantities of
p47phox/GAPDH and Nox-4/GAPDH mRNAs among the
four groups (P > 0.05).

Discussion

Experimental hyperoxaluria and crystal deposition are
always associated with OS and cell injury [18]. Clinic
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Fig. 4 Photomicrographs of
crystalluria of EG + AC-
treated rats (magnification
A: x100, B: x400)

Fig. 5 Photomicrographs of
kidney sections under TEM.
Kidneys of control (a), and
EG + AC-treated rats (b, ¢) and
EG + AC + taurine-treated
rats (d) are shown

in representative
photomicrographs,
demonstrating the hyperplasia
of mitochondria, mitochondria
swelling and nuclei
disfiguration of the tubular
epithelial cell (b, c);
ultrastructure changes were
relatively slight in kidney of
EG + AC + taurine-treated
rats (d). Magnification x2,800

studies have also provided evidence for the development of
OS and renal injury in kidney stone patients [20, 36]. In
this rat model of CaOx nephrolithiasis, development of OS
and renal injury are shown evidently as the elevation of
urinary 8-IP, the decrease of creatinine clearance, the
increase of kidney/body weight, and the morphological
changes of kidney in rats induced nephrolithiasis by
EG + AC.

The source of ROS stimulated by Ox and CaOx has been
particularly investigated. Mitochondria are generally the
most common source of superoxide and hydrogen peroxide
in most cells and tissues. It has been found in vitro that Ox
or CaOx crystals increased significantly the mitochondrial
superoxide production, with decreased GSH and increased
oxidized thiol proteins in mitochondria [11, 12]. In a rat
hyperoxaluria and crystalluria model, Meimaridou et al.,
[35] observed that the nephrolithic kidney underwent OS.
The oxidative injury was manifest by a decrease in
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mitochondrial total GSH concentration, as well as
increased activity of G6PDH, both important in maintain-
ing cell redox. Severe kidney injury at the mitochondrial
level was a key observation, indicated by the diminished
oxygen consumption and decrease in mitochondrial cyto-
chrome c. Recently, Veena et al., [37] reported that mito-
chondrial injury was evident by increased mitochondrial
swelling in an animal model of hyperoxaluria. In the
present study, with the establishment of hyperoxaluria,
crystalluria and calcium crystal deposition in kidney,
changes of the renal mitochondria were detected, including
development of hyperplasia of mitochondria in renal
tubular epithelium, decrease of enzymatic activities of
SOD and GSH-Px in mitochondria, and oxidative injury of
the mitochondrial membrane. Those results, consistent
with the findings of others discussed above, suggest that
mitochondrial changes are an important event in the for-
mation of CaOx kidney stone.
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Fig. 6 Photomicrographs of
H&E-stained and Von Kossa-
stained kidney sections.
Kidneys of control (a, H&E-
stained), EG + AC-treated
rats(b, H&E-stained; ¢ Von
Kossa-stained),

EG + AC + taurine-treated
rats(d, Von Kossa-stained) are
shown in representative
photomicrographs,
demonstrating crystals deposit
(black asterisk), distended
tubules and tubular cells injury
(black arrows); Lesser crystal
depositions and relatively slight
morphological changes were
present in kidney of

EG + AC + taurine-treated
rats (magnification x400)

NADPH oxidase was originally discovered in neutro-
phils, where it is a potent source of superoxide during
phagocytosis [38]. It comprises a membrane-associated
cytochrome bssg, composed of one gp9lphox and one
p22phox subunit and at least four cytosolic subunits
(p47phox, p67phox, p40phox and racl or rac2). The
expression and activity of NADPH oxidase have been
detected in kidney cells such as proximal tubular epithelial
cells, glomerular mesangial cells and cells of the thick
ascending loops of Henle [39, 40]. NADPH oxidase has
also been considered as a major source of ROS in kidney
[40], particularly in the presence of angiotensin II [32].
Tissue culture studies found that Ox-induced injury of
renal tubular cells were significantly reduced in the pres-
ence of DPI, an NADPH oxidase inhibitor [9, 13], indi-
cated the involvement of NADPH oxidase in the forming
of ROS. Furthermore, Hyperoxaluria induced OS, inflam-
mation, fibrosis and CaOx crystal deposition in kidneys of
rats was significantly reduced by the anti-RAS treatments
[29-31].

P47phox is an important modulator of the activity of
NADPH oxidase [41]. Expression of p47phox mRNA was
high in kidney of the spontaneously hypertensive rat which
has been found to has enhanced excretion of 8-IP [39].
Nox-4 was a gp91phox homologue and is highly expressed
in kidneys, overexpression of Nox-4 in cultured cells leads
to increased superoxide production and decreased rate of
growth [40]. Therefore, in the present study, we focused on

p47phox and Nox-4. Though similarly as reported in
publications [39, 40], the two subunits express widely in
the kidneys, we did not detect statistically significant
changes in the expression of their mRNAs in kidney tissues
among the four groups. Accordingly, there were no sta-
tistically significant differences in the concentration of
angiotensin II in kidney homogenates too. This suggests
that NADPH oxidase and RAS were not remarkably acti-
vated in this model.

Rat models of CaOx nephrolithiasis induced by either EG
alone or in combination with other drugs such as AC, are
often used to study the pathogenesis of renal crystal depo-
sition [8, 42]. AC was used to accelerate the development of
crystal deposition [43]. In this model, administration of
EG 4 AC was limited to low doses so that exceeded intake
of those renal toxicants can be avoided. Water restriction was
aimed to increase urinary saturation. Depending on the
hyperoxaluria, crystalluria and calcium crystal depositions
in kidney, we are sure that this rat model of nephrolithiasis
has been successfully established. But when compared with
results of other researchers’ studies, we found that the levels
of hyperoxaluria and the crystal depositions numbers in
kidney of this model are lower than that reported by
Umekawa et al. [29], in that rats were treated with 1% EG in
drinking water for 4 weeks. This may probably be the reasons
for the inactivation of renal RAS and NADPH oxidase.
Despite the absence of angiotensin II related-NADPH oxi-
dase activation, oxidative injury of the kidneys developed
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Fig. 7 Immunostaining
localization for NADPH
oxidase subunits p47phox (a—d)
and Nox-4 (e, f) in kidney
sections. a Negative, b renal
cortex, ¢ inner medulla, d outer
medulla, e inner medulla, f outer
medulla (magnification x400)

apparently in this model, with changes of the mitochondria.
Therefore, it can be highly suspected that mitochondrial
changes preceded the activation of NADPH oxidase and
mitochondria other than NADPH oxidase should be con-
sidered as the main sources of ROS in this model. However,
as a shortage of this study, the activity of NADPH oxidase in
kidney tissue cannot be determined directly.

The anti-oxidative role of taurine has been linked to the
involvement in mitochondrial oxidation [44]. Taurine was
found to localize in mitochondria and was suggested to
serve as mitochondrial matrix buffer. It was proposed that
by stabilizing the environment in the mitochondria, taurine
would prevent leakage of the reactive compounds formed in
the reactive mitochondrial environment and thus indirectly
act as an antioxidant [44]. In this study, taurine showed to
be effective in protecting the kidney from oxidative injury,
and this may be the result of the mitochondrial-linked
pathway. As shown in the results, taurine treatment
improved the indexes of renal OS and injury (urinary 8-IP,
creatinine clearance and kidney/body weight), as well as the
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mitochondrial changes which were caused by the induction
of nephrolithiasis. SOD and GSH-Px are known as the
major antioxidant enzymes in cells. Dismutation of super-
oxide by SOD produces hydrogen peroxide, which is
subsequently metabolized to water via catalase or by
GSH-Px [18]. The decrease in their enzymatic activities
may contribute to the oxidative injury of mitochondrial
membrane. Taurine may be beneficial in renal protection by
reversing the decline of enzymatic activities and stabilizing
the mitochondrial membrane, so that electronic leakage
from the electron transport chain [11] was limited to low
level. Again, improvement in the mitochondrial changes
correlated with that in the renal OS and injury, indicated the
important role of mitochondria in the development of renal
OS in this model.

In addition, though the mechanism by which taurine
treatment reduced the crystal deposition in this model
needs to be studied further, the benefit of the protective
effects of taurine against oxidative injury of renal tubular
cells cannot be discounted.
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Fig. 8 Quantitative relative RT-PCR of p47phox and Nox-4 mRNAs
expression in kidney among the four groups by comparison with
GAPDH. A represents control, B represents EG + AC-treated rats, C
represents EG 4+ AC + taurine-treated rats, D represents only tau-
rine-treated rats. Mean & SD; n = 4. P > 0.05

With respect to the action of taurine as inhibitor of
angiotensin II, since the mechanism that angiotensin II
related-NADPH oxidase activation showed no evidence to
work in this model, further studies will be needed to
investigate the effects of taurine under the nephrolithic
condition that renal RAS being activated and functioning.
Interestingly, recently published data demonstrated the
action of taurine on inhibition of NADPH oxidase in vitro
[45].

In summary, our data suggests that mitochondria but not
NADPH oxidase account for the OS in kidney in a rat
model of CaOx nephrolithiasis. Taurine protected the
kidney from oxidative injury through mitochondrial-linked
pathway.
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