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ABSTRACT

Contrast induced nephropathy (CIN) is a major cause of morbidity, and increased costs as well as
an increased risk of death. This study was evaluated effects of exogenous sphingosylphosphoryl-
choline (SPC) administration on CIN in rats. Eight animals were included in each of the following
eight groups: control, control phosphate-buffered solution (PBS), control SPC 2, control SPC 10,
CIN, CIN PBS, CIN SPC 2 and CIN SPC 10. The induced nephropathy was created by injected with
49 iodine/kg body weight. SPC was administered 3 d at a daily two different doses of 2 um/mL
and 10 um/mL intraperitoneally. The severity of renal injury score was determined by the histo-
logical and immunohistochemical changes in the kidney. Malondialdehyde (MDA), nitric oxide
(NO) and superoxide dismutase (SOD) were determined to evaluate the oxidative status in the
renal tissue. Treatment with 2 and 10 uM SPC inhibited the increase in renal MDA, NO levels sig-
nificantly and also attenuated the depletion of SOD in the renal injuryCIN. These data were sup-
ported by histopathological findings. The inducible nitric oxide synthase positive cells and
apoptotic cells in the renal tissue were observed to be reduced with the 2 and 10 uM SPC treat-
ment. These findings suggested that 2 and 10 uM doses can attenuate renal damage in contrast
nephropathy by prevention of oxidative stress and apoptosis. The low and high dose SPC may be
a promising new therapeutic agent for CIN.
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Introduction oxide (NO) to produce peroxynitrite, an oxidative and
very reactive nitrosative species capable of reducing the
bioavailability of NO, thereby increasing tissue damage.*
This conditions may contribute to the increased apop-
tosis in the pathogenesis of renal injury at the time
of CIN.2°

The sphingolipid metabolites, sphingosine, sphingo-
sine-1-phosphate, and sphingosylphosphorylcholine
(SPC) are considered to be the most powerful stimula-

Contrast-induced nephropathy (CIN), the incidence
varies from 3.3 to 76%, is now one of the three leading
causes of acute kidney injury in the world.' CIN is a
major cause of morbidity, end stage renal disease, pro-
longed hospitalization, and increased costs as well as
an increased risk of death.'? CIN is defined as an
absolute increase in serum creatinine (sCr) concentra-

tion >0.5mg/dL or as a relative increase >25% above
baseline within 3 d of contrast media exposure.

The pathophysiology of CIN is a complex interplay
between vascular and tubular effects. Tubular toxicity,
generation of reactive oxygen species (ROS) cause lipid
peroxidation and cytotoxic damage,* and medullary
blood flow reduction are suggested as being the risk
factors of CIN.>”” And also free radicals react with nitric

tors for cell proliferation and DNA synthesis.'®"
Sphingolipids are novel second messengers mediating a
variety of cellular responses. One of the sphingolipids,
SPC, induces cell proliferation and apoptosis and is also
known to inhibit the growth of various cell types, par-
ticularly tumor cells."*"? It is known that sphingolipids
have a wide spectrum of biological activities, such as
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affecting NO production,'” regulating ROS,'® and provid-
ing potent anti-inflammatory effects.'®'” The different
biological effects of SPC are dependent on specific SPC
concentrations.'® The previously studies demonstrated
that the dose-response of SPC in promoting wound
healing indicated that not only was SPC efficacious but
also that optimal efficacy was achieved with 2-3 uM but
above 10uM SPC concentration was cytotoxic.'®'’
Therefore, we used 2 pM for optimal efficacy and 10 uM
for above this threshold in this study.

The aims of this study were to investigate the role of
oxidative injury and the effect of exogenous SPC admin-
istration on acute renal injury induced by contrast
media and to evaluate the role of NO in oxidative injury.
Renal tissue oxidative stress was evaluated by changes
in the amount of lipid peroxide malondialdehyde (MDA)
and NO and the activities of antioxidant enzymes
(superoxide dismutase [SOD]). The neutrophil activation
and other changes due to renal injury were evaluated
by histological and immunohistochemical changes in
the kidney.

Materials and methods

The Ethical Committee of Trakya University approved all
animal procedures and the experimental protocol
(TUHDYEK-2013/05).

Animals

Sixty-eight adult Wistar Albino rats, weighing 200-250g,
were used in this study. Rats were provided by the
Experimental Research Center of the Medical Faculty of
Trakya University. The rats were kept in a windowless
animal quarter with automatically controlled tempera-
ture (22+2°C) and illumination (lights on at 7 am and
off at 9 pm: 14 h light/10 h dark cycle). Humidity ranged
from 50 to 55%. Rats were fed with standard rat chow
and tap water ad libitum.

Eight animals were included in each of the follow-
ing eight groups (n=28): (1) control group; (2) control
phosphate-buffered solution (PBS) group; 1mL PBS
was given intraperitoneally (i.p.) once a day 3 d; (3)
control SPC 2 group: 2uM SPC was given i.p. once a
day 3 d; (4) control SPC 10 group: 10uM SPC was
given ip. once a day 3 d; (5) CIN group; (6) CIN PBS
group: 1TmL PBS was given i.p. once a day just after
CIN and 2 d after nephropathy; (7) CIN SPC 2 group:
2 UM SPC was given i.p. once a day just after CIN and
2 d after nephropathy; (8) CIN SPC 10 group: 10 uM
SPC was given i.p. once a day just after CIN and 2 d
after nephropathy.

Experimental protocols

The rats were anesthetized with ketamine (90 mg/kg)
and xylazine (10 mg/kg) intraperitoneally. The tail veins
of the Wistar Albino rats were injected with iodixanol a
dosage of 4g iodine/kg body weight (BW) and with
saline at equal volume as control."”

The SPC was obtained from the Sigma Chemical
Company (St. Louis, MO). It was initially dissolved in
100% ethanol and the resulting SPC/ethanol solution
was subsequently dissolved in a PBS containing
2mg/mL and 10mg/mL bovine serum albumin to
acquire a stock solution (2 and 10 mM), as described
in Aksu et al.'” The SPC stock solution was stored
at—80°C. SPC was administered to SPC 2 groups
and SPC 10 groups (2 and 10um/mL, respectively)
immediately after nephropathy for 3 d at a daily
dose of i.p. PBS was administered to the PBS group’s
rats immediately after CIN for 3 d at a daily dose of
1mL ip. The control group received equal amounts
of saline i.p. for 3 d.

After 3 d of treatment, the animals were decapitated.
After opening the abdominal cavity, the renal tissue
samples were immediately placed in 10% neutral buf-
fered formalin solution for histological evaluation, or
were stored at —80°C for subsequent biochemical
assay.

Biochemical measures

The renal tissues were homogenized in a tenfold vol-
ume of physiological saline solution using a hom-
ogenizer (Ultra-Turrax T25, IKA; Werke 24,000 rpm;
Germany). The homogenate was centrifuged at
10,000xg for 1h to remove debris. Clear upper
supernatant was taken, and tissue analyses were car-
ried out. All procedures were performed at +4°C
throughout the experiments.

SOD activities were studied on hemolysates using
commercial kits (Randox Laboratories, Crumlin, UK)%°
and were respectively expressed as U/mg protein and
U/kg protein. NO has a half-life of only a few seconds
because it is readily oxidized to nitrite (NO, ) and sub-
sequently to nitrate (NOs ™), which serve as index param-
eters of NO production. The method for plasma nitrite
and nitrate levels was based on the Griess test.?' Results
are expressed as umol/g wet tissue. Renal tissues MDA
levels were determined by a method based on the reac-
tion with thiobarbituric acid (TBA) at 90-100°C.** The
results are expressed as nmol/g wet tissue. After lysing
samples and removing the precipitate, disodium hydro-
gen phosphate and DTNB solution were added, and the
color formed was read at 412 nm.



Histopathological assessment of kidneys

The kidneys were removed, cut into sections, and
fixed in 10% formaldehyde. After embedding in par-
affin, 5mm sections were stained with hematoxylin
and eosin before assessment by light microscopy (ori-
ginal magnification 400x, Olympus CX31; Olympus,
Tokyo, Japan). Tubular damage was scored as follows:
Each section was examined in 10 fields, and the
average percentage of the impaired renal tubules
was then calculated.

These steps were then followed by semi-quantitative
analysis of the kidney sections by a pathologist func-
tioning in a blind manner. Tubular necrosis and protein-
aceous casts were graded according to a previous
methodology. The following scoring system was used
for the histopathological evaluation of tissues under
light microscopy; where no damage was assigned a 0
index; <25% damage was assigned 1; 25-50% damage
was assigned 2; 50-75% damage was assigned 3
and >75% damage was assigned a 4 index.

Inducible nitric oxide synthase (iNOS)
immunohistochemistry

The kidney tissues were fixed in 10% buffered formalin
solution, and, following routine laboratory methods,
embedded in paraffin. Five-micrometer paraffin tissue
sections were mounted on poly-L-lysine slides. The
slides were air-dried and the tissue deparaffinized.
The avidin biotin complex method was used for
immunohistochemical staining, as previously
reported.”> The sections were incubated with rabbit
polyclonal anti-iNOS (Abcam, dilution 1:100) (Abcam,
Cambridge, MA). Diaminobenzidine (DAB) was used as
a chromogen, and the sections were counterstained
with hematoxylin. In each section, the numbers of cells
in 10 different areas selected at random were counted
and the arithmetic mean calculated. For the x20 mag-
nification, the 100 um? area was determined by means
of a micrometer slide. Finally, all counts were
converted to number of iINOS positive cells per unit
area (mm?).

Table 1. Biochemical parameters of renal function evaluation.

RENAL FAILURE . 1091

TUNEL assay

A terminal deoxynucleotidyltransferase dUTP nick-end
labeling (TUNEL) assay was used to assess renal apop-
tosis with an apoptosis detection kit (Millipore ApopTag,
Billerica, MA) according to the manufacturer's instruc-
tions. For each slide, 10 fields were randomly chosen,
with TUNEL-positive cells staining dark brown staining
within the nucleus of apoptotic cells. TUNEL-positive
cells were quantified under high-power magnification
by a researcher in a blinded manner and the apoptotic
index was calculated (the number of TUNEL-positive
cells/total number of cells counted x100).

Statistical analyses

Data were analyzed using a commercially available sta-
tistics software package (SPSS® for Windows).
Distributions of the groups were analyzed with one
sample Kolmogorov-Smirnov test. All groups showed
normal distribution, so that parametric statistical meth-
ods were used to analyze the data. One-way ANOVA
test was performed and post hoc multiple comparisons
were done with LSD. Results were presented as mean-
s+standard deviation (SD), and p-values <0.05 were
regarded as statistically significant.

Results
Biochemical findings

A total of 3 d after the nephropathy, sCr and blood urea
nitrogen (BUN) levels were found to be elevated signifi-
cantly in the CIN and CIN PBS groups and CIN treated
with SPC compared to the control groups (for sCr
p < 0.001, for BUN p < 0.001, respectively). The CIN rats
treated with SPC manifested marked reduction in BUN
levels than CIN and CIN PBS groups (p < 0.01). The val-
ues of the sCr and BUN levels are shown in Table 1.

In the CIN and CIN PBS groups, tissue SOD activity
was significantly lower (p < 0.01), and MDA and NO lev-
els were higher (p < 0.01) than in the control group. The
2 and 10 uM SPC treatment led to significant increases
in mean tissue SOD activity (p < 0.05). The 2 and 10 uM

Control Control PBS Control SPC 2 Control SPC 10 CIN CIN PBS CIN SPC 2 CIN SPC 10
BUN 31.78 +£2.06 32,97 +£2.48 33.85+2.69 33.35+3.02 55.38 +0.45*% 49.23 +2.47* 43.41+3.38*" 42.75+4.21%"
sCr 0.31£0.03 0.35+0.01 0.33+£0.03 0.34+£0.03 0.45+0.01* 0.39+0.02* 0.40+0.02* 0.40+0.03*

sCr: Serum creatinine (mg/dL) and BUN: blood urea nitrogen (mg/dL) for each group. Following 8 groups (n =28) (1) Control; (2) Control PBS: PBS treatment
without contrast-induced nephropathy; (3) Control SPC 2: SPC (2 uM) treatment without contrast-induced nephropathy; (4) Control SPC 10: SPC (10 uM) treat-
ment without contrast-induced nephropathy; (5) CIN: contrast-induced nephropathy; (6) CIN PBS: contrast-induced nephropathy treatment with PBS; (7) CIN
SPC 2: contrast-induced nephropathy treatment with SPC (2 uM); and (8) CIN SPC 10: contrast-induced nephropathy treatment with SPC (10 uM). Values are
expressed as mean = SD.

“p < 0.001; compared with control goups.

*p < 0.01; compared with CIN.
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Table 2. Antioxidant enzyme and lipid peroxide levels.

Control Control PBS Control SPC 2 Control SPC 10 CIN CIN PBS CIN SPC 2 CIN SPC 10
SOD 176.76+12.78 17445+14.63 17031+12.79** 172.98+12.64 144.28+10.22* 15443+16.93* 171.82+11.81****  176.19 £ 8.07****
MDA 36.89 +5.65 36.09+8.54 35.85+2.98 33.00+8.54 45,06 + 5.68** 44,84 + 8.42%* 37.30£2.68t1 38.33+3.011t
NO 13.83£6.08 11.70+£2.75 13.94 £ 8.84 7.70£4.50 25.83 +5.26% 27.58+11.37* 15.79 £ 6.25***t 6.48 +£3.10***++1

In renal tissue, SOD (U/100 mg prot.), MDA (nmol/100 mg prot.), NO (nmol/mg prot)for each group. Following 8 groups (n=8) (1) Control; (2) Control PBS:
PBS treatment without contrast-induced nephropathy; (3) Control SPC 2: SPC (2 uM) treatment without contrast-induced nephropathy; (4) Control SPC 10:
SPC (10 uM) treatment without contrast-induced nephropathy; (5) CIN: contrast-induced nephropathy; (6) CIN PBS: contrast-induced nephropathy treatment
with PBS; (7) CIN SPC 2: contrast-induced nephropathy treatment with SPC (2 uM); and(8) CIN SPC 10: contrast-induced nephropathy treatment with SPC

(10 uM). Values are expressed as mean + SD.

*p < 0.001; compared with control groups.

**p < 0.01; compared with control groups.
***p< 0.001; compared with CIN PBS.

tp< 0.01; compared with CIN.

***%p < 0.001; compared with CIN PBS and CIN.
ttp< 0.05; compared with CIN PBS and CIN.
t11p < 0.01; compared with CIN SPC 2.

SPC treatment significantly lowered MDA and NO levels
(p <0.05). Also, the 10uM SPC treatment was very
decreased NO levels than in the 2uM SPC treatment
(p <0.01) (Table 2).

Histopathological findings

To examine effects of CIN injury in rats, we observed the
renal morphological changes using microscopy. After
3 d, CIN markedly increased widespread loss of brush
border, a denudation of tubular cells, tubule dilatation,
and intratubular obstruction by granular casts were
detected in rat kidney compared with the control. As
shown in Figure 1(e,f). SPC administrated at doses of 2
and 10 uM after CIN significantly inhibited renal histo-
logical changes, as shown in Figure 1(g,h) (Table 3).

Immunohistochemical and TUNEL findings

As shown in Figure 2 and Table 4, the number of iNOS-
positive cells was significantly increased in the CIN and
CIN PBS groups after nephropathy and decreased
remarkably in the group treated with 2 and 10 uM SPC
(p < 0.05). The TUNEL staining results showed that the
TUNEL-positive cell level increased remarkably after
nephropathy (CIN and CIN PBS groups compared to the
control groups: p<0.05) and decreased weakly in
response to 2 and 10 uM SPC. As shown in Figure 3 and
Table 5.

Discussion

The true incidence of CIN in the elderly is not known,
although in the United States and Europe, radiocontrast
nephropathy is reported to be third most usual cause of
hospital-acquired acute renal failure accounting for 10%
of all causes of hospital-acquired renal failure.>* The pre-
cise mechanisms of CIN have not been explained in
details. As far as can be explained, in vitro studies and

studies in animals suggest several factors have thought
to be related to pathogenesis of CIN, for example hemo-
dynamic changes of renal blood flow, which causes hyp-
oxia in the renal medulla, direct toxic effect of the
contrast media on renal cells, partly mediated by
ROS.2>"?” Moreover, low blood flow in the medulla,
which has a high demand for oxygen, might result from
increased perivascular hydrostatic pressure, high viscos-
ity, or changes in vasoactive substances such as endo-
thelin, NO, and adenosine.®*® Furthermore, contrast
agents have direct toxic effects on kidney tubular cells,
inducing vacuolization, change in mitochondrial func-
tion, and even apoptosis.?®3°

In this study, CIN significantly increased denudation
of tubular cells, tubule dilatation and intratubular
obstruction by granular casts, but subsided following
administration of 2 and 10 uM SPC. CIN increased MDA
and total NO levels, and this significantly reduced MDA
and NO levels with both doses SPC. Administration of 2
and 10 uM SPC for CIN resulted in increased SOD in the
renal tissue. We have previously shown used SPC can
reduce the hepatic damage in extrahepatic cholestasis
and lung contusion by prevention of the oxidative stress
and of the inflammatory process in liver bile duct liga-
tion and pulmonary contusion.'”?* The contrary results
suggest that the SPC-induced generation of ROS plays a
crucial role in the cell death of endothelial cells through
extracellular signal-regulated kinase-dependent path-
ways.>! In this study, the anti-oxidant property of SPC
re-expressed using biochemical methods.

A previous study demonstrated for the first time that
SPC treatment stimulates the proliferation with an EC50
of 5uM, whereas concentrations of SPC greater than
10 uM induced an apoptosis-like cell death of mesen-
chymal stem cells derived from adipose tissue.*?
However, at a concentration of greater than 30 uM, SPC
attenuated proliferation due to cytotoxicity.>® In previ-
ous study, SPC lost its antioxidant and anti-apoptotic
properties in the group treated with 10uM SPC.
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Figure 1. Renal tissue H & E staining images: (a) Control group, (b) PBS group, (c) SPC2 group, (d) SPC10 group, (e) Contrast
group, (f) Contrast + PBS, (g) Contrast+ SPC2 group, and (h) Contrast + SPC10 group. a, b, ¢, and d figures, the histology of renal
tissues was normal in appearance. However, contrast group (e) have been necrotic cells, cytoplasmic vacuole, and tubule injuries
were reasonably higher in the renal tissues. Contrast+ SPC2 and SPC10 groups’ tubule injuries and necrotic cells were highly
decreased in the renal tissues compared with contrast and contrast + PBS groups (Hematoxylin—Eosin stain, magnifications: x200).

Table 3. Renal histologic evaluation in the various treatment groups.
Control Control PBS Control SPC 2 Control SPC 10 CIN CIN PBS CIN SPC 2 CIN SPC 10
0+0 0+0 0.2+0.1 03+0.0 3.85+1.1° 37104 17405 28+0.3%

(1) Control; (2) Control PBS: PBS treatment without contrast-induced nephropathy; (3) Control SPC 2: SPC (2 uM) treatment without contrast-induced nephr-
opathy; (4) Control SPC 10: SPC (10 uM) treatment without contrast-induced nephropathy; (5) CIN: contrast-induced nephropathy; (6) CIN PBS: contrast-
induced nephropathy treatment with PBS; (7) CIN SPC 2: contrast-induced nephropathy treatment with SPC (2 uM); and (8) CIN SPC 10: contrast-induced
nephropathy treatment with SPC (10 uM). Values are expressed as mean = SD.

2p < 0.05; compared with control groups.

Pp < 0.05; compared with all experimental groups.

p < 0.05; compared with CIN and CIN PBS groups.
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Figure 2. Immunohistochemical analyses of iNOS. (a) Control group, (b) PBS group, (c) SPC2 group, (d) SPC10 group, (e) Contrast
group, (f) Contrast 4 PBS, (g) Contrast + SPC2 group, and (h) Contrast 4+ SPC10 group. In the contrast group, the number of iNOS
positive cells was a significantly increased in the renal tubes. In the Contrast + SPC2 and contrast + SPC10 groups, iNOS positive
cells numbers were markedly reduced (iNOS immunohistochemical staining, magnifications: x400).

Table 4. Distribution of iNOS positive cells density in the different treatment groups (iNOS positive cells/mm?).
Control Control PBS Control SPC 2 Control SPC 10 CIN CIN PBS CIN SPC 2 CIN SPC 10
7424+ 142 81.92+21.1 92.8+9.4 90.88+11.2 32512+ 24.8° 31424 +524° 170.24+31.2*° 192.64+18.7*°

(1) Control; (2) Control PBS: PBS treatment without contrast-induced nephropathy; (3) Control SPC 2: SPC (2 uM) treatment without contrast-induced nephr-
opathy; (4) Control SPC 10: SPC (10 uM) treatment without contrast-induced nephropathy; (5) CIN: contrast-induced nephropathy; (6) CIN PBS: contrast-
induced nephropathy treatment with PBS; (7) CIN SPC 2: contrast-induced nephropathy treatment with SPC (2 uM); and (8) CIN SPC 10: contrast-induced
nephropathy treatment with SPC (10 pM). Values are expressed as mean + SD.

?p < 0.05; compared with control groups.

bp < 0.05; compared with CIN and CIN PBS groups.
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Figure 3. TUNEL staining. (a) Control group, (b) PBS group, (c) SPC2 group, (d) SPC10 group, (e) Contrast group, (f) Contrast -+ PBS,
(g) Contrast + SPC2 group, and (h) Contrast + SPC10 group. Control, PBS, SPC2, and SPC10 groups a small number of TUNEL-posi-
tive cells were observed in the renal tissue. In the Contrast group that TUNEL-positive cells were significantly higher in the renal tis-
sues. Contrast 4+ SPC2 and Contrast + SPC10 groups, TUNEL-positive cells were significantly decreased in the renal compared with
contrast group. (Arrows: TUNEL positive cells) (TUNEL staining, magnifications: x400).

Table 5. The numbers of TUNEL positive cells in the different treatment groups.

Control Control PBS Control SPC 2 Control SPC 10 CIN CIN PBS CIN SPC 2 CIN SPC 10
1.28+0.2 136104 1.56+0.1 1.60+0.5 10.36+0.8° 10.0+1.5° 572+0.7%0 548+ 0.9*°

(1) Control; (2) Control PBS: PBS treatment without contrast-induced nephropathy; (3) Control SPC 2: SPC (2 uM) treatment without contrast-induced nephr-
opathy; (4) Control SPC 10: SPC (10 uM) treatment without contrast-induced nephropathy; (5) CIN: contrast-induced nephropathy; (6) CIN PBS: contrast-
induced nephropathy treatment with PBS; (7) CIN SPC 2: contrast-induced nephropathy treatment with SPC (2 uM); and(8) CIN SPC 10: contrast-induced
nephropathy treatment with SPC (10 pM). Values are expressed as mean + SD.

?p < 0.05; Compared with control groups.

®p < 0.05; Compared with CIN and CIN PBS groups.
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The effect of high-dose SPC may be dependent on the
triphasic effects of the dose.?® But in this study, we did
not see the triphasic effects in 2 and 10 uM SPC dos-
ages. These two separate doses gave the similar effects,
the possible reasons for this similarity may be the insuf-
ficiency of renal tissue concentration for showing tripha-
sic effects or the difference in answers between lung
and kidneys to high concentrations of SPC. This is the
black point and limitation of our study which may be
lightened with studies that shows organ-tissue dosage
interactions in near future.

Even though the pathogenesis is not fully clear, vari-
ous vasoactive substances, such as adenosine, endothe-
lin, and NO, oxidative injuries and apoptosis are factors
believed to be involved>*** NO is synthesis from
L-arginine. Although NO is a potent vasodilator mol-
ecule, excess production can lead to production-
dependent apoptotic or necrotic injury in tubular epi-
thelial cells.®® It is now clear that SPC may increase NO
production in endothelial cells in situ, which subse-
quently reduces the contraction of smooth muscle cells
in the intact vascular strips.3” SPC induced [Ca2.]i eleva-
tion and NO production in endothelial cells in situ.>” In
the smooth muscle of pig coronary arteries, SPC
induced vessel contraction via Ca2 + sensitization and
reduced NO production.®® At low physiological doses
(10-100nM), transient sphingosine  1-phosphate
induced vasodilation was observed in preconstructed
mesenteric arteries.>® In contrast, the majority of studies
showing vasoconstriction have used at least 10-fold
higher concentrations.*® In vivo studies have demon-
strated that SPC has a reducing effect on NO.'” The acti-
vation of NO may be through direct action of SPC on
the endothelial NO synthase (eNOS)/NO pathway, which
results in NO release and vasodilation.*' Recently, a
Murch et al. " study demonstrated that SPC exerts
potent anti-inflammatory effects in vivo in endotoxemic
rats. SPC exerts most of its action by binding to and acti-
vating cell surface receptors, thereby triggering various
cell responses such as vasoconstriction or dilation,
angiogenesis, stress fiber formation, and cytoskeletal
rearrangements.”***> Another study showed that SPC
activates the transforming growth factor f/Smad signal-
ing cascade and, thereby, is able to reduce the promoter
activity and expression of pro-inflammatory enzymes
like secretory phospholipase A2 and iNOS in renal
mesangial cells.** SPC is probably due to its activity in
reducing iNOS to keep NO levels within physiological
limits. Positive effects of SPC kept NO levels in physio-
logic limits so that vascular permeability is kept within
normal limits. This results in decreased renal permeabil-
ity, edema and perivascular hydrostatic pressure, and
recovery of compliance in the CIN. All these effects of

SPC eventually reduced apoptosis in this experimental
study of CIN.

NO can give rise to lipid peroxidation causing the for-
mation of reactive nitrogen products when produced in
excessive quantities. It can directly lead to DNA damage,
mitochondrial membrane damage, or apoptosis through
the p53 tumor suppressor gene stabilization pathway
and damage in intracellular proteins and enzymes.**®
A rise in NO can lead to apoptotic or necrotic injury in
tubular epithelial cells.>**” While research suggests that
a decrease in NO production is involved in the patho-
genesis of CIN, clinical studies have not supported this
finding.>**” Sphingolipids are novel second messengers
mediating a variety of cellular responses, including cell
proliferation and apoptosis.”> Previous studies have
shown that high concentrations of SPC induce apoptosis
via the mitochondrial pathway.?'*? The similar cell cul-
ture study using low-dose SPC concentration demon-
strated that SPC was effective as an anti-apoptotic
agent.”® Keeping the NO levels in normal range with
SPC treatment may prevents the apoptosis that is
caused by direct DNA fragmentation induced by
increased NO levels in CIN. In addition, decreased levels
of MDA in SPC treatment group show that it also inhib-
its lipid peroxidation. The damage in cellular and mito-
chondrial membranes caused by lipid peroxidation may
be prevented with SPC treatment which provides an
effective decrease in levels of NO. Therefore, cellular
damage in CIN may be prevented by the antiapoptotic
effects of SPC. The results of this study suggest that SPC
might be beneficial in preventing CIN.

In conclusion, these findings suggest that SPC can
reduce the renal damage in CIN by preventing the oxi-
dative stress, and apoptosis. All of these findings sug-
gest that SPC may be a promising new therapeutic
agent for CIN.

There are limitations in this study: the serum concen-
tration of the SPC was not measured and exact SPC lev-
els in the blood are unknown, concentration of the SPC
of renal tissue levels were absent, so the spectrum
changes in the level of NO are also unknown. Recently
study; renal tubular cells undergoing apoptosis were
characterized by condensation of the nuclear chromatin
and wrinkling of nuclear membranes. Representative
changes of ultrastructure were a judged by transmission
electron microscope.*® But we are not used this method.
In future studies, these limitations are questions that
need to be answered.
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