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Background: Renal injury is the main side effect of cisplatin (CP), an anticancer drug. It has been shown that pretreatment with single-
dose oxygen (0.5 to six hours) could reduce CP-induced renal toxicity in rats.

Objectives: The present study aimed to compare the effects of pretreatment with single-dose and intermittent O, on CP-induced
nephrotoxicity.

Materials and Methods: Adult male rats were allocated to seven groups (eight rats in each group). The rats were kept in normal air
or hyperoxic environment (0,, 80%) for either a single six-hour period or intermittent six hours per day for seven days and then were
subjected to intraperitoneal injection of saline or CP (5 mg/kg) at 48 hours, 72 hours, or seven days after exposure to O,. Three days after
CP (or Saline) injection, renal function tests, renal tissue injury scores, and cleaved Caspase-3 and Bax/Bcl-2 genes expression (as markers of
renal cell apoptosis) were assessed.

Results: Treatment with the 6-hour single-dose O, reduced renal injury significantly when CP was administrated 48 hours after O,
pretreatment. Pretreatment with intermittent seven days of six hours per day had no protective effects and even relatively worsened renal
injury when CP was injected 48 hours or 72 hours after the last session of O, pretreatment. The beneficial effects of pretreatment with O,
on renal structure and function were seen if CP was administrates seven days after pretreatment with intermittent O,

Conclusions: The pattern of pretreatment with O, could change this potential and highly protective strategy against CP-induced
nephropathy to an ineffective or even mildly deteriorating one. Therefore, O, administration before CP injection to patients with cancer,
for therapeutic purposes or as a preconditioning approach, should be performed and investigated with caution until exact effects of
different protocols has been determined in human.
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1. Background

It is well known that Cis-diamminedichloroplatinum
(1) or cisplatin (CP) is a major chemotherapeutic drug
for treatment of testicular, ovarian, and cervical cancers
as well as many types of other solid tumors such as head
and neck cancers (1, 2). However, nephrotoxicity, which is
the main adverse effect of CP administration, limits the
drug utilization in cancer treatment.

It has been proposed that CP nephrotoxicity is partially
due to direct cytotoxicity caused by reactive oxygen spe-
cies (ROS) and induction of apoptosis (3). To the best of
our knowledge, many strategies have been applied for
reduction of CP-induced nephrotoxicity in animal mod-
els and humans including hydration (4), administration
of L-arginine (5) and antioxidant agents such as N-acetyl
cysteine (6), melatonin (7), vitamin C and E (8), and many
herbal extracts (9-11). We have shown previously that

pretreatment with nearly pure oxygen (95% O,) is able
to protect rat kidney from CP-induced nephropathy (12).
Likewise, it has been shown in animal models that O, pre-
treatment is able to attenuate ischemia-reperfusion inju-
ries in different vital organs such as brain (13, 14), heart
(15, 16), kidney (17, 18), spinal cord (19, 20), and liver (21,
22). Recently, it has been determined that hyperoxic pre-
conditioning could reduce hypoxia-induced apoptosis in
cultured mesenchymal stem cells (23). In addition, the
negative effect of deceased-donor hypoxia and beneficial
effects of living donor hyperoxic preconditioning on kid-
ney graft function have been determined in some clinical
studies (24, 25); however, some others failed to show such
an association (26). Short-term pretreatment with O, par-
tially increases ROS production in different tissues (27),
and it seems that these beneficial effects of pretreatment
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with O, are related to upregulation of endogenous cellu-
lar defense mechanisms such as antioxidant systems and
heat shock proteins (12, 20, 28).

On the other hand, a previous study showed that in-
termittent O, exposure could induce more degrees of
tolerance to ischemia in rat brain in comparison with
prolonged O, pretreatment (14). Moreover, delayed
cardioprotective effects of hyperoxic preconditioning
against ischemia-reperfusion injury could be prolonged
by intermittent administration of O, (29). It should be
noted that although long-term administration of pure
or nearly pure O, could be toxic itself, short term O, pre-
treatment is a safe protocol that can be easily applied in
clinical practice (30).

2. Objectives

The aim of the present study was to compare the effects
of single-dose (six hours) 80% O, pretreatment with inter-
mittent one (six hours per day for seven days) on CP-in-
duced nephrotoxicity in a rat model. In other words, we
aimed to examine whether pretreatment seven days of
intermittent six hours per day O, would enhance protec-
tive level, prolong the protective window, or worsen CP-
induced nephrotoxicity in this rat model of CP-induced
acute renal failure.

3. Materials and Methods

3.1. Experimental Design

A total of 56 rats were randomly allocated to seven
groups with eight animals in each group: group 1, “Air +
Saline”; group 2, “O, + Saline”; group 3, “six hours of O,
and intraperitoneal CP after 48 hours (6hO2 48hLCP)”;
group 4, “seven days of intermittent O, and intraperito-
neal CP after 48 hours (7dayO2 48hLCP)”; group 5, “seven
days of intermittent O, and intraperitoneal CP after 48
hours (7dayO2 72hLCP)”; group 6, “seven days of intermit-
tent O, and intraperitoneal CP after seven days (7day02
7dayLCP)”; and group 7 (control), “Air + CP”. In group 3,
animals were exposed to hyperoxic environment for
six hours. Four other groups, i.e. group 2 and groups 4
through 6, were kept in the hyperoxic chamber inter-
mittently six hours per day for seven days. Groups 1 and
7 were kept in the same chambers with normal airflow
six hours per day for seven days. In Groups 3, 4, and 7, 5
mg/kg CP (Sigma-Aldrich, USA) was injected intraperito-
neally (IP) 48 hours after hyperoxic pretreatment and in
groups 5 and 6, CP administration was done respectively
72 hours and seven days after O, pretreatment. Groups
1 and 2 received IP normal saline instead of CP. After 48
hours of CP or saline injection, each animal was removed
to a metabolic cage for 24 hours urine collection and 72
hours after CP injection, the animals were anesthetized
with an IP injection of diazepam (5 mg/kg) and ketamine
(50-75 mg/kg) and blood samples were obtained from the
aorta. Plasma samples were kept in (-24°C) until analysis.
The kidneys were removed after laparotomy and half of

the left kidney of each rat was kept in 10% neutral buff-
ered formalin after a coronal section. The other renal
tissue samples were kept in (-70°C) freezer (Jal Tajhiz Co,
Iran) until related experiments.

3.2. Animals and Oxygen Exposure

The used experimental protocol in this study was ap-
proved by the Lorestan University of Medical Sciences
Ethics Committee. Adult male Wistar rats (241.3 + 4.3 g)
were obtained from Shahid Beheshti University of Medi-
cal Sciences animal house and had access to food and wa-
ter ad libitum throughout the study. Pre-exposure to O,
was achieved by placing the rats in specific chambers (35
x 25 x 20 cm) as was described previously (12). After about
ten to 15 minutes of O, inflow, a hyperoxic environment
with about 80% O, was achieved. This was continuously
monitored by an O, meter (Lutron DO-5510, Taiwan). Ani-
mals of groups 1and 7 (“Air + Saline” and “Air + CP”) were
kept in the same chambers for similar periods but with
continuous room air delivery by an aquarium air pump.

3.3. Assessment of Renal Function

Plasma urea and plasma creatinine (Cr) were respec-
tively measured by Berthelot procedure (ZistChem Kkit,
Iran) and Jaffe reaction (Pars Azmoon kit, Iran) using an
autoanalyzer (Hitachi 902, Japan). Creatinine clearance
(CL¢,) as an indicator of glomerular filtration rate (GFR)
was also calculated by standard formula:

(UCr X V)/PCr

In which U, and P are urine and plasma Cr concentra-
tions, respectively, and V is the volume of collected urine
in 24 hours by metabolic cage. Plasma and urine sodium
levels were analyzed by an electrolyte analyzer (Conver-
gent, Germany) and fractional excretion of sodium (FEy,)
was calculated according to standard formula:

[(Una x V)(Py, % CL,)] X 100

In which Uy, and P, are urine and plasma Na concen-
trations, respectively, and V is the collected urine volume
in 24 hours.

3.4. Histological Assessments

Tissue samples were fixed in 10% neutral buffered forma-
lin, embedded in paraffin, sectioned at 5 pm, and stained
with hematoxylin-eosin (H&E).

Acute tubular necrosis (ATN) of epithelium was as-
sessed in full thickness of cortex, which divided to three
distinct areas including, subcapsular region (supracor-
tex), cortex, and corticomedullary junction (subcortex)
were scored according to the degree of epithelial damage
using a zero through five grading system: Zero, no lesion;
one, <10%ATN;two,11% to 25%ATN;three, 26% to 50% ATN,;
four, 51% to 75% ATN; and five, 76% to 100% ATN.

The karyomegaly percentage was evaluated as the av-
erage percent of cells with large nuclei per each tubule,
which were chosen randomly in seven fields in each di-
vided regions of cortex.
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3.5. Western Blot Analysis

About150 mg of each rat kidney cortex was homogenized
in ice cold lysis buffer (20-mM Tris buffer, pH 7.5, contain-
ing 10 pg/mL aprotinin; 1 mM phenylmethylsulfonyl fluo-
ride, 150 mM Nacl, 5% sodium dodecyl sulfate, and 2% NP-
40). The homogenate was centrifuged at 14000 rpm for 20
minutes at 4°C. The resulting supernatant was collected.
Protein concentrations were measured using the Brad-
ford method (Bio-Rad Laboratories). Then 20 pg of pro-
tein from each sample was suspended in a loading buffer,
separated on a 10% polyacrylamide gel, and transferred to
nitrocellulose membrane (Hybond ECL, GE Healthcare Bio-
Sciences Corp. NJ, USA) via electrophoresis. Membranes
were blocked with blocking buffer (5% skimmed milk, 150
mM NacCl, 20 mM Tris-HCl at pH 7.5, and 0.1% Tween 20) at
4°C overnight. The primary used antibodies were a rabbit
monoclonal Caspase-3 antibody (Cell Signaling Technol-
ogy, Danvers, MA, USA; 1:1000 overnight at 4°C), a rabbit
polyclonal Bax antibody, and a mouse monoclonal Bcl-2
antibody (Santa Cruz Biotechnology, Delaware Ave. Santa
Cruz, USA; 1:1000 for 3 h at room temperature). After three
5-minute washing steps with washing buffer (150 mM
NacCl, 20 mM Tris-HCI at pH 7.5, and 0.1% Tween 20), the
membrane was incubated with a horseradish peroxidase-
conjugated secondary antibody (1:150,00; GE Healthcare
Bio-Sciences Corp. NJ, USA) for 60 minutes at room tem-
perature. All antibodies were diluted in blocking buffer.
After another three 5-minute washing steps with washing
buffer the membrane was incubated with an ECL Western
blotting system (Amersham Biosciences, Buckingham-
shire, UK) and then exposed to Lumi Film Chemilumines-
cence Detection film (Roche Applied Science, Mannheim,
Germany). Quantification was performed with relative
density using LabWork, an image-processing program
(UVP, Cambridge, UK). p-Actin immunoblotting (mouse
monoclonal antibody from Cell Signaling Technology,
Danvers, MA, USA; 1:1000) was used as a loading control.

3.6. Tissue Preparation for Antioxidant Analysis

The frozen kidney of each rat was selected for antioxidant
assay. The samples were thawed and homogenized in cold
phosphate buffer (0.1 M, pH 7.4, containing 5 mM EDTA) on
liquid nitrogen (31) and debris were removed by centrifu-
gation (Centrifuge 5415 R; Rotofix 32A, Germany). Superna-
tants were used for measurement of protein concentra-
tion, antioxidant enzymes activities, and thiobarbituric
acid reactive substances (TBARS) concentration. Protein
contents of tissue homogenates were determined using a
colorimetric method as described by Lowry (32).

3.7. Measurement of Glutathione Peroxidase and
Superoxide Dismutase Activities

Glutathione Peroxidase (GPx) and Superoxide Dis-
mutase (SOD) activities were evaluated by spectropho-
tometry with Randox GPx and SOD detection kits (Randox
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Laboratories, Crumlin, UK) according to the manufac-
turer’s instructions, as was described previously (33). The
activities were expressed as unit per milligram of tissue
protein (U/mg protein).

3.8. Measurement of Catalase Activity

Tissue catalase (CAT) activity was assayed using the
method described by Claiborne (34). The reaction mix-
ture (1 mL) consisted of 50 mM of potassium phosphate
(pH 7.0), 19 mM of H202, and a 20 to 50 pL of the tissue
sample. The reaction was initiated by the addition of
H,0,. Absorbance changes were measured at 240 nm for
30 seconds. The molar extinction coefficient for H,0, is
43.6M ~!.cm ~L.The CAT activity was expressed as the unit
per milligram of tissue protein. The unit is defined as
consumed micromoles of H,0, per minute.

3.9. Measurement of Lipid Peroxidation

The amount of lipid peroxidation was indicated by
the content of TBARS in renal tissue. Tissue TBARS deter-
mined by following the production of thiobarbituric
acid reactive substances as described previously (35) and
was reported by Aydinoz et al. (36). TBARS results were
expressed as nanomole per milligram of tissue protein
(nmol/mg protein).

3.10. Statistical Analysis

Pathological necrosis scores in different cortical regions
were expressed as median (range) and were compared by
Mann-Whitney U test. Other data were shown as mean +
standard error of means (SEM) and were compared by
one-way ANOVA followed by LSD post hoc test. SPSS (v. 19,
IBM Corporation, Somers, NY, USA) was used for statisti-
cal analysis and graphs were drawn by GraphPad Prism
5 (GraphPad Software, San Diego, CA). P value < 0.05 was
considered as statistically significant.

4. Results
4.1. Renal Function Tests

4.1.1. Plasma Creatinine and Urea Levels and Creatinine
Clearance

Three renal function tests (plasma Cr and urea levels
and CL.) showed that injection of 5 mg/kg of single-dose
CP in this animal model, led to significant deterioration
of kidney function in “Air+CP” group after three days in
comparison to “Air+Saline” group (P < 0.005). In addi-
tion, oxygen administration per se (in its highest dose,
i.e. six hours per day for seven days) had no effect on re-
nal function and there were no significant differences
between “Air+Saline” and “O,+ Saline” groups in above
mentioned renal function tests.

Administration of single-dose O, to group 3 (6hO2
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48hLCP) for six hours led to considerable and signifi-
cant reduction in both blood urea and Cr levels in this
group in comparison with “Air + CP” (P < 0.005) but it
showed no significant differences with “Air + Saline” and
“0,+Saline” groups. The difference in CL., was insignifi-
cant between “6h0O2 48hLCP” and “Air + CP” groups (P
=0.089); moreover, there was no significant differences
between group 3 and any of groups1and 2 (P =0.18 and
P=0.47, respectively). Seven days of six hours per day ad-
ministration of O, had no significant effect on any of re-
nal function tests if CP was injected 48 hours or 72 hours
after last session of O, administration (no differences

between groups 4 or 5 and group 7). Some degree of
renal function amelioration was seen if CP was admin-
istrated seven days after this protocol of O, administra-
tion (significant or marginally significant reduction in
plasma urea and Cr levels, respectively, in comparison
with group 7,). CL., in “7dayO2 7dayLCP” group was
not significantly different from “Air + CP” group but it
was significantly and marginally significantly less than
group 1 (P =0.015) and group 2, respectively (P = 0.063).
There was an insignificant deterioration of all these
three renal function indicators in groups 4 and 5 in
comparison to the control group (Figure 1).

Figure 1. Renal Function Tests
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4.2. Fractional Excretion of Sodium

In comparison with control group, the changes pat-
tern of all FEy, levels in the first six groups was similar
to the changes in plasma urea and Cr levels, but none of
the differences were significant except that of group 4,
which had a significantly higher FE, level than control
group (Figure 1).

4.3. Western Blot Analysis

The results of cleaved Capase-3 gene translation and
Bax/Bcl-2 ratio (as markers of renal cell apoptosis) by
Western Blot Analysis were almost precisely in parallel
with renal function tests, especially plasma urea and
Cr levels. In other words, significant elevation of these
markers of apoptosis by CP administration without O,
pretreatment (in group 7 in comparison with groups 1
and 2) and significant reduction of both of these mark-
ers in groups 3 and 6, but not in groups 4 and 5 was de-
tected (Figure 2).

4.4. Histological Assessments

Subcapsular, cortical, and subcortical necrosis scores
were significantly elevated by CP administration in
group 7 in comparison with groups 1 and 2. There was
also considerable and significant reduction of subcap-
sular and cortical necrosis scores in “6h02 48hLCP” in
comparison to control group. The reduction in subcorti-
cal necrosis score was insignificant (P = 0.1).

All three necrosis scores in group 6 were smaller than
control group but the differences were insignificant. Ex-
ceptasignificant reduction in cortical necrosis of group
4, similar to renal function tests, there were no signifi-
cant differences between groups 4 or 5 in comparison

with control group and even significant worsening of
the subcortical necrosis in group 5 was seen.

The karyomegaly percentage was significantly higher
in group 5 in comparison to all other groups and there
was not any significant difference between any of other
groups (Figures 3, 4 and 5).

4.5. Renal Tissue Antioxidant Enzymes and Thio-
barbituric Acid Reactive Substances Content

Catalase, GPx, and SOD enzymes activity levels and
TBARS content are shown in Table 1. The differences be-
tween any of antioxidant enzyme levels were not signifi-
cant. The content of TBARS was significantly different
between groups by employing one-way ANOVA. (Be-
tween groups statistical analysis are shown in Table 1).

5. Discussion

The present study in an in vivo rat model showed good
protective effects of six-hour pretreatment with single
dose of 80% O, on CP-induced nephrotoxicity when CP
was injected 48 hours after O, administration. Pretreat-
ment with intermittent six hours per day O, for seven
days had no protective effects and a few indicators of
renal injury showed deterioration of kidney structure
or function if CP was administered 48 hours or 72 hours
after the last session of O, administration. There were
some degrees of protection against CP-induced renal
injury when the interval between the last day of inter-
mittent O, and CP administration was increased to seven
days. Nearly all measured parameters, i.e. renal function
tests, histological injury scores, and gene expression of
some indicators of cellular apoptosis, supported the
above conclusion.

Figure 2. Western Blot Analysis of Cleaved Caspase-3/g-actin and Bax/Bcl2/g-actin Gene Expression
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Figure 3. Light Microscopy of Kidney Specimens (H & E, x100) From

Groups 2 Through 7, Respectively

Figure 4. Light Microscopy of a Kidney Specimen (H&E, x400) Showing
Karyomegaly (Arrows) Three Days After Cisplatin Administration (This
Was From Group 5).

The normal appearances of renal tissue sections from group 1 are not
shown. For detailed explanation about different groups see text. A, Group
2 (0, + Saline), normal. B, Group 3 (6hO2 48hLCP), almost normal. C,
Group 4 (7dayO2 48hLCP), sever acute tubular necrosis (ATN). D, Group
5 (7dayO2 72hLCP), sever ATN. E, Group 6 (7dayO2 7dayLCP), mild ATN. F,
Group 7 (Air + CP) almost severe ATN.

The karyomegaly percentage was determined as an injury score in differ-

ent groups (see text and Figure 5).

Figure 5. Histological Assessments
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Table 1. Some Antioxidant Enzymes Activities and Thiobarbituric Acid Reactive Substances (TBARS) in Renal Tissue ¢

SOD, U/mg Pr GPX, U/mg Pr Catalase, U/mg Pr TBARS, nmol/mg Pr
Air + Saline 1.62+0.1 1.52+0.3 2.28%£0.5 69.52+£5.4
02 +Saline 219+0.2 2.01+0.4 3.92+£0.8 76.54 £5.5 b
6h0248hLCP 221+03 1.69+0.3 3.23+0.8 55.85+6.8 b, c
7day 02 48h LCP 1.81% 0.1 1.78+0.2 3.58£0.5 54.40%6.1°€
7day 0272 h LCP 1.80+0.1 1.81£0.3 3.63+0.7 52.73+5.7¢
7day 027 day LCp 22402 1.64+0.1 322+1 43.61+414
Air +CP 2.25%+0.2 1.28+£0.2 2.96+0.7 72.67i5.7b

4 Abbreviations: SOD: superoxide dismutase; GPX: glutathione peroxidase.
Not significantly different from “Air + Saline” group.

€ 0.01<P <0.05compared to “Air + CP” group.
P <0.005 compared to “Air + CP” group.

CP-induced renal cell death involves multiple pathways
one of which is oxidant stress (36). The proposed mecha-
nism for this beneficial effect of hyperoxic pretreatment
is upregulation of endogenous defense mechanisms
against ROS-induced renal injury. Indeed sublethal ele-
vated amount of ROS, which is a result of hyperoxic expo-
sure (37), will probably induce various protective mecha-
nisms against ROS-induced injury in different organs.
Our present data did not support the idea that these de-
fense mechanisms are antioxidant enzymes like SOD, CAT,
or GPx, because there were no significant upregulation of
their activities in renal tissue of groups with protected
kidneys. Of course a transient increased activity of these
antioxidants and similar enzymes could be proposed,
which might be disappeared on the day of assessments.
Alternatively, other protective defense mechanisms such
as heat shock proteins expression and anti-inflammatory
mechanisms should be considered for future researches.
The protective effect of O, pretreatment (single dose 0.5
to six hours or intermittent three hours per day for two
days) was shown in our previous work with favorable
results of all regimes, especially for the last mentioned
protocol (12). The protection in previous works was ob-
served when administering CP 24 hours after O, ( = 95%)
exposure (12) and the protective effect of a single-dose
80% O, pretreatment (for two hours) was observed only
after 48 hours after O, pretreatment and disapeared after
72 hours (our unpublished data). Recently, the protective
effects of hyperoxic preconditioning on hypoxia-induced
apoptosis of mesenchymal stem cells has been reported
(23) and we showed the protective effect of pretreat-
ment with O, on CP-induced injury of cultured human
embryonic renal tubular cells (38). In addition, Saadat et
al. showed mild amelioration of CP toxicity by hyperoxic
preconditioning in patient with solid tumors. They used
intermittent exposure to 60% O, for two hours at 48, 24,
and six hours before intravenous administration of CP
and despite acute transient adverse effect on renal func-
tion, they reported improvement of renal function after
30 days (39). It seems that enough hyperoxia-induced
ROS production has a good triggering effect on protec-

Nephro Urol Mon. 2014;6(5):e19680

tive mechanisms. Nevertheless, these mechanisms might
be decreased or even reversed if the oxidative load by O,
pretreatment is higher than a threshold level. Reduction
of antioxidant pool due to prolonged or elevated level
of ROS exposure might explain this paradoxical effect of
single-dose versus intermittent hyperoxic pre-exposures.

Whether hyperoxia exposure has protective effects or is
nonprotective and even deteriorative relates to the type
of tissue and injury. For example, we did not find any
protection against ischemia-reperfusion injury in rats
kidney with single-dose 0.5-, one-, two-, three-, or six-hour
0, exposure (17, 18) but the protection was seen with five
days of one hour per day (17) or six days of 4 hours per day
(18) O, pretreatment. Similarly, intermittent six days of
four hours per day O, pre-exposure had better ischemic-
tolerance effects than a prolonged 24-hour one in a rat
model of cerebral ischemia-reperfusion injury (40). In
addition, delayed cardioprotective effects of a single two-
hour hyperoxic exposure was prolonged by intermittent
exposure (three days of two hours per day) in Baharvand
et al. study (29). In this regard, daily hyperbaric O, ther-
apy (60 minute at 2.5 atm for six days) reduced kidney
injury (41, 42) but twice daily hyperbaric O, therapy con-
siderably augmented CP-induced acute renal failure (41).
Moreover, in agreement with some results of the present
study, four days of four hour per day O, pretreatment had
no protective effect against an eight-day course of genta-
mycin injections, but two hour per day for four days had
good effects on both renal function and tubular necrosis
scores (43).

It has been well determined that CP activates the intrin-
sic mitochondrial pathway of apoptosis in renal epithe-
lial cells, and Caspases including activated Caspase-3 has
essential role in CP-induced apoptosis (36). In our study,
there was a high correlation between renal function re-
sults and renal tissue apoptosis markers, i.e. cleaved Cas-
pase-3 and Bax/Bcl-2 ratio gene translation.

It has been determined that in vitro and in vivo admin-
istration of CP could largely increase both necrosis and
apoptosis in renal tissue (12, 44, 45). The highest degree of
necrosis in renal cortex in present study was in subcap-
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sular region with a median degree of 4.5 in a five-grade
scale. Similar to apoptosis, O, pretreatment for either a
single period of six hours or six hours per day for seven
days was able to reduce this subcapsular necrosis score
and necrosis grade in cortical and subcortical regions.
However, the results were not as significant as those of
apoptosis markers and some were insignificant.

Pre-exposure to O, with optimum method has consid-
erable results in reducing CP-induced renal injury in ani-
mal studies and the results are largely encouraging for
designing further clinical trials in patients with cancer.
Although there are even some evidences in recent human
studies about this beneficial effect of 0, (39), some proto-
cols, especially intermittent ones, might have unpredict-
ed deteriorating effects on renal function. Another im-
portant concern is that cytotoxic effects of CP are exerted
through many common pathways between tumor cells
and renal epithelial cells. Therefore, strategies that re-
duce CP-induced nephropathy might have some undesir-
able consequences that decrease the anti-tumor action of
this useful drug (36). It seems that additional in vitro and
in vivo animal studies are needed to compare the possi-
ble protective effects of O, pretreatment between differ-
ent tumoral and renal cells before designing additional
human studies regarding protective effects of hyperoxic
preconditioning on CP-induced renal injury. In addition,
different nephrotoxic effects of CP in patients with diabe-
tes and possibly other patients and its sex-related nature
should be considered in any clinical study (46, 47).

In conclusion, our data in an in vivo rat model showed
favorable protective effects of single-dose six-hour O,
(80%) pretreatment on CP-induced nephrotoxicity. In ad-
dition, we concluded that protective or nonprotective ef-
fects of intermittent O, pre-exposure (six hours a day for
seven days) depend on the time interval between O, and
CP administration.
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