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Cisplatin (CP) nephrotoxicity is mainly due to reactive oxygen
species. Oxygen pre-exposure as a mild oxidative stress may enhance
some endogenous defense mechanisms, so its effect on cisplatin-
induced acute renal failure was investigated in present study.

Twenty-four rats were divided into four groups. The O2+ CP and
Air + CP groups were were subjected to i.p. injection of 5 mg/kg
cisplatin, and in the Air + Saline and O2 + Saline groups, saline
was injected instead of cisplatin. O2+ CP and O2+ Saline groups
were pretreated with oxygen (3h/d for two days), and the other
two groups were pretreated with room air. Cisplatin was admin-
istered 24 h after last pretreatment session. Three days after cis-
platin injection, plasma samples were obtained, and parts of
kidney tissue were frozen for biochemical analysis or fixed in for-
malin for histological assessments. Preconditioning with oxygen
prior to cisplatin administration led to reduced tubular necrosis
and luminal cast formation and improvement of renal function, as
was evidenced by significant reduction in plasma creatinine and
urea levels. Oxygen pretreatment also significantly reversed
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cisplatin-induced reduction in renal catalase activity and glu-
tathione level. It could be concluded that oxygen pretreatment
could have a delayed protective effect against cisplatin nephro-
toxicity, and that increased renal catalase activity may be
involved in this protective effect of hyperoxia.

Keywords acute renal failure, catalase, cisplatin, oxygen,
nephrotoxicity

INTRODUCTION

Cisplatin (CP) is a major antineoplastic drug for treat-
ment of various solid tumors,[1] but its nephrotoxicity is a
considerable dose-limiting side effect[2] and is the chief
cause of acute renal failure in about 20% of hospitalized
patients.[3] Indeed, irreversible renal damage occurs in
about one-third of cisplatin-treated patients despite using
known prophylactic methods like hydration.[4,5]

There is almost a century of literature that supports the
concept that prior injury may protect the kidney against a sec-
ond insult, and it has been shown more recently that the pri-
mary stimulus may not necessarily reach the injurious
level.[6] For example, sub-lethal short ischemic periods may
attenuate subsequent renal functional or structural damage
induced by prolonged ischemia.[7,8] We have shown recently
that intermittent pretreatment of rats with nearly pure oxygen
for durations far beyond the oxygen toxicity threshold could
lead to some degree of renal protection against ischemia-rep-
erfusion injury.[9] Cisplatin causes significant oxidant loading
to the kidney through both free radical formation and
impaired antioxidant defense systems.[10]

The hypothesis underlying the present study is that mild
oxidative stress induced by oxygen pre-exposure[11] may
enhance some endogenous defense mechanisms such as renal
antioxidant systems and reduce subsequent cisplatin-induced
kidney damage resulting from reactive oxygen species. Keep-
ing this in view, we compared the degree of renal functional
and structural injury in rats that were subjected to high-dose
cisplatin administration with or without oxygen pretreatment.
In addition, renal superoxide dismutase (SOD) and catalase
(CAT) activities and glutathione (GSH) and malondialdehyde
(MDA) levels were measured. It should be noted that short-
term pre-exposure to hyperoxic environment is a benign pro-
tocol that could easily be used in the clinical practice.[12]

MATERIALS AND METHODS

Animals and Oxygen Exposure

The experimental protocol used in this study was
approved by the Baqiyatallah University of Medical

Sciences Ethics Committee for Animal Research. Adult
male Wistar rats (251.3 ± 6.3 g) were obtained from
Tehran University of Medical Sciences animal house and
had free access to rodent food and water. Oxygen expo-
sure in two groups of animals was achieved by placing
them in a specific chamber (35 × 25 × 20 cm). Normal air
was removed from the chamber for about 10 min and
replaced by pure oxygen delivered at ≥5 lit/min. Thereaf-
ter, a 1–2 lit/min oxygen inflow was maintained to pro-
duce a stabilized hyperoxic environment which contained
≥95% oxygen without CO2 retention. Animals of the other
two groups were kept in a similar chamber but with a con-
tinuous delivery of room air by means of an aquarium air
pump. Oxygen content of the chamber was measured con-
tinuously by an oxygen meter (Lutron DO-5510, Taiwan).
A mathematical formula was equated for predicting the
oxygen content in the chamber (see Figure 1). In three
anesthetized rats, the right common carotid artery was
cannulated, and at the end of 3 h oxygen exposure, a blood
sample was withdrawn to estimate the arterial oxygen par-
tial pressure (PaO2). The values for PaO2 in these three rats
were 404, 435, and 468 mmHg. In three other rats, PaO2
values were 96, 89, and 95 mmHg after 3 h exposure to
room air in the same chamber. (The difference between
PaO2 values in these two groups of rats was statistically
significant; p = 0.05, Mann-Whitney U test.)

Figure 1. Percent of oxygen gas in the chamber. There was a
high degree of correlation (p < 0.001, R2 = 0.93) between
experimental data (gray triangles) and data predicted by a
mathematic formula, which was equated for this purpose (black
squares). It has been presupposed in this equation that the oxygen
source has 100% purity and that the initial O2% in the chamber is 21%.
It is obvious from equation that mathO2% = VO/V = 1 - 0.79e–Qt/V.
According to the correlation, the O2 content of chamber can be
equated from mathO2%: O2% = 0.95 (mathO2%) + 15. These
equations can be used when there is no access to oxygen meter or
for designing new chambers with different volumes (e.g. for
human subjects). Abbreviations: mathO2% = O2% predicted by the
mathematical formula, VO = volume of oxygen gas in the chamber
(lit), V = chamber volume (lit), Q = oxygen flow (lit/min), t = time
(min) (i.e., the period of oxygen inflow).
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Experimental Design

In a pilot study, the effects of 0.5, 1, 3, and 6 h and 3 h/d
for two days of pretreatment with nearly pure oxygen (≥95%)
on cisplatin-induced nephropathy was investigated, and a 3 h/d
exposure to hyperoxia for two days was found to have the
most protective effects. Thereafter, 24 rats were divided ran-
domly into four groups. The O2+CP and Air+CP groups
received an i.p. injection of 5 mg/kg cisplatin (1 ml per 100 g
body weight from 50 mg/100 ml solution; Ebewe Pharma,
Austria). The cisplatin dosage for nephrotoxicity induction
was like some other studies.[13,14] In the Air+Saline and
O2+Saline groups, normal saline (1 ml per 100 g body
weight) was injected instead of cisplatin. The O2+CP and
O2+Saline groups were pretreated with oxygen 3 h/d for two
days. The other two groups were kept in the same chamber
for similar lengths of time but with an inflow of normal air.
The time of cisplatin injection was 24 h after their removal
from the chamber. Three days after cisplatin injection, the
animals were anesthetized with an i.p. injection of sodium
pentobarbital (Sigma Chemical Co; 50 mg/kg) and the left
kidney was removed after laparotomy. Blood samples were
obtained from the aorta. Plasma samples were kept in (−24°C)
until analysis. The rats were weighed both before and three
days after cisplatin administration.

Assessment of Renal Function

Plasma urea was measured using Berthelot procedure
(ZistChem kit, Iran), and plasma creatinine (Cr) was mea-
sured using Jaffe reaction (Pars Azmoon kit, Iran) by an
autoanalyzer (Hitachi 902, Japan).

Assessment of Plasma Magnesium

Plasma magnesium (Mg) was determined utilizing
Xylidynblue method (Pars Azmoon kit, Iran).

Tissue Preparation

The kidneys were bisected along the long axis, and
each half was cut into two equal pieces. Two pieces were
frozen rapidly using liquid nitrogen and kept at −70°C
until used. For making estimations, the frozen tissue
samples were quickly weighed and homogenized in 1:10
ice-cold 50 mM potassium phosphate buffer (pH 7.4) con-
taining 1 mM EDTA and proteases inhibitors. The homo-
genates were then centrifuged at 12,000 g for 15 min at
4°C. The supernatants were taken and used for enzyme,
MDA, GSH, and protein assay.

Catalase and SOD Activities Assay

Catalase activity in kidney tissue homogenates was
measured by a colorimetric method as described previ-
ously by Cohen.[15] The SOD activity was determined
according to Paoletti method.[16]

GSH and MDA Determination

GSH level was determined by the method of Tietz.[17]

Plasma and tissue malondialdehyde (MDA) levels as
markers of lipid peroxidation were quantified according to
Satoh procedure.[18]

Protein Assay

Total protein concentration was measured by Bradford’s
method[19] using bovine serum albumin as standard.

Histological Assessments

Kidney slices were fixed in 10% formalin solution
and embedded in paraffin, sectioned at 5 μm, and stained
with hematoxylin-eosin. Histological assessment was per-
formed by two experienced pathologists who were com-
pletely unaware of the animal groupings. Degree of
tubular necrosis and proteins cast formation were graded
from 0 to 4 (0 = normal, 1 = marginal, 2 = mild, 3 = mod-
erate, and 4 = severe). Congestion and/or hemorrhage
were graded in a manner similar to Solez et al.[20]: 0 = no
congestion and/or hemorrhage, +1 = identification of
erythrocytes by 400× magnification, +2 = identification of
erythrocytes by 200× magnification, +3 = identification of
erythrocytes by 100× magnification, and +4 = identifica-
tion of erythrocytes by 40× magnification.

Statistical Analysis

Data were expressed as median (range). SPSS 13 soft-
ware was used for statistical analysis and comparisons
were performed using Mann-Whitney U test. The signifi-
cance of weight loss or gain was analyzed in each group
by Wilcoxon test. p ≤ 0.05 was considered significant.

RESULTS

Preconditioning with oxygen led to significant reduc-
tion in plasma creatinine, urea, and MDA levels in O2 + CP
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group compared to Air + CP group (see Figure 2). Plasma
Mg levels did not vary significantly between the two
groups (see Figure 2).

The histological assessment of kidneys from the Air
+ CP group showed the glomeruli to be normal. Many
tubules showed necrotic changes in epithelial linings,
most of which were proximal ones in the lower cortex
and outer medulla areas with a predominance of S3 seg-
ment. Necrotic cells showed karyorrhexis and rupture of
cytoplasmic membrane. Some tubules were completely
denuded of epithelial cells. There were also necrotic
changes in a few distal tubules, some of which were
located adjacent to the glomerular stalk. Hyaline casts
were present in both cortical and medullary areas. These
abnormal changes were absent in the Air + Saline and O2
+ saline groups and less prominent in the O2 + CP group
(see Figure 3 and Table 1). Vascular congestion and
hemorrhage were more prominent in the Air + CP group

compared to the O2 + CP group (see Table 1). Interstitial
edema and lymphocytic infiltration were not remarkable
in any group.

Cisplatin administration in the absence of oxygen pre-
treatment led to a significant increase in SOD activity and
reduction in catalase activity and GSH level. Renal SOD
activity in the O2 + CP group was significantly lower than
in the Air + CP group but not different from the O2 +
Saline group. Renal catalase activity was higher in the O2
+ CP group than in the Air + CP group. The difference in
catalase activity was not significant between the O2 + CP
group and groups receiving saline instead of cisplatin.
Also, oxygen pretreatment resulted in renal GSH level ele-
vation in the O2 + CP compared to the Air + CP group.
Renal SOD and catalase activities and GSH levels were
not significantly different between the two saline-receiving
groups. There was no significant difference in renal MDA
levels in the experimental groups (see Figure 4).

Figure 2. Plasma creatinine (Cr), urea, malondialdehyde (MDA), and magnesium (Mg) levels in various experimental groups. O2 +
CP and O2 + Saline groups were exposed to oxygen (≥95%) 3 h/day for two days. O2 + CP and Air + CP groups received an i.p.
injection of 5 mg/kg cisplatin. Rats in the Saline groups received normal saline instead of cisplatin, and Air groups were placed in the
same chamber with continuous flow of room air via an aquarium pump. The time of cisplatin injection was 24 hours after exit from
the chamber. Plasma samples (also tissue samples) were obtained three days after cisplatin injection. There was no significant
difference between the two saline-treated groups. •an out of range data; &p < 0.05; &&&p < 0.005 in comparison with Air+CP group;
#not significantly different from O2 + Saline group (also not significantly different from Air + Saline group).
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Weight loss or gain data in various groups are shown
in Figure 5.

DISCUSSION

The major finding of this study is that oxygen pretreat-
ment exerts a considerable protective effect against cisplatin-

induced nephrotoxicity in rats. This protective effect, which
was present 24 hours after oxygen administration, was evi-
denced both in renal structure and function. It seems that this
is the first study that indicates this effect of oxygen pretreat-
ment on renal tissue. Oxygen may exert at least some part of
this protective effect by the induction of catalase activity.

Oxygen-derived free radicals have an important role
in cisplatin-induced acute renal failure (ARF).[21] Many

Figure 3. Light microscopy photographs of kidney specimens (H&E, ×400) from Air + Saline (A), O2 + Saline (B), Air + CP (C),
and O2 + CP (D) groups. For a brief explanation of groups, see Figure 2. A and B are normal. In C, which is from a case with severe
tubular necrosis, there are some necrotic tubules (arrows). In D, which is from a case with mild tubular necrosis, there is only one
necrotic tubule (arrow). There were many fields with normal appearance in this case, which was preconditioned by oxygen
administration 24 hours before cisplatin injection.

BA

DC

Table 1 
Degree of tubular necrosis, luminal cast formation, and congestion and/or hemorrhage in microscopic examination 

of kidney specimens from different groups.

Tubular necrosis Luminal cast formation Congestion and/or hemorrhage

Air + CP (n = 8) 3 (3–4) 3 (2–4) 2.5 (2–4)
O2 + CP (n = 6) 1.5 (0–3)‡ 1.5 (0–2)† 2 (1–2)*
Air + saline (n = 5) 0 (0–0)‡ 0 (0–0)‡ 0 (0–0)‡

O2 + saline (n = 5) 0 (0–0)‡ 0 (0–0)‡ 0 (0–0)‡

Data are expressed as median (range). The scores were between 0 and 4 in each case. For a brief explanation of
groups, see Figure 2. 

*p < 0.05, †p < 0.01, ‡p < 0.005. 
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antioxidant agents like vitamin E or C have been reported
to either ameliorate or prevent the cisplatin nephrotoxic-
ity;[22] among them is N-acetylcysteine, which has been

reported to reduce cisplatin-induced nephrotoxicity in both
animals and humans.[23–25] The protective effect of some
plant extracts on cisplatin nephrotoxicity has been associ-
ated with an enhancement of renal antioxidant defense
systems.[26]

In contrast to some other studies,[26] cisplatin adminis-
tration resulted in increased SOD activity in our study. It
should be noted that an increased SOD expression in the
organism cannot always be regarded as a positive effect.
Hydrogen peroxide (H2O2) produced by catalytic effect of
SOD is probably more harmful than superoxide. Further-
more, hydroxyl radical, which is produced in large quanti-
ties from H2O2 in the absence of enough catalase activity,
is a very reactive and dangerous radical.[27] Thus, like
increased catalase activity, the reduction of SOD activity
in the O2 + CP group to almost normal levels could have
some protective features, as reported for other tissues after
normobaric oxygen administration.[28]

Free radicals have a major role in ischemia-reperfusion
(IR) injury of various organs, and thus the mechanisms
responsible for the reduction of IR injury may also work
against cisplatin-induced free radical injury. It has been

Figure 4. Renal superoxide dismutase (SOD) and catalase (CAT) activities and glutathione (GSH) and malondialdehyde (MDA) levels.
For a brief explanation of groups, see Figure 2. There was no significant difference between the two saline-treated groups. &&p < 0.01;
&&&p < 0.005 in comparison with Air + CP group; #not significantly different from O2 + Saline group.
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shown that pre-exposure to normobaric hyperoxia could
be protective against subsequent brain,[29] heart,[30] spinal
cord,[31] and renal IR injury.[9]

Atasoyu et al. concluded that the synchronous appli-
cation of HBO therapy (60 min every day for seven days
at 2.5 ATA) with cisplatin prevents kidney damage by
decreasing necrosis scores.[32] In our study, only two
sessions of normobaric oxygen administration were used
24 h before cisplatin injection. It seems that the use of
oxygen prior to cisplatin administration could have a
considerable effect. Oxygen therapy by itself seems to
induce an excess ROS formation[33] and may promote
the ROS-induced injury of cisplatin, thereby reducing
the protective effect of oxygen. Therefore, it is not sur-
prising that in Aydinoz’s study, daily HBO therapy (for
six days) reduced kidney injury but twice daily HBO
usage considerably augmented cisplatin-induced
ARF.[34] It should be noted that both in Atasoyu and
Aydinoz studies, intermittent HBO therapy was started
after the cisplatin injection. It could be proposed that
short duration pretreatment with oxygen leads to a mild
oxidative stress,[11] and this sub-lethal oxidative stress
may in turn enhance endogenous defense mechanisms,
such as antioxidant molecules and enzymes, against cis-
platin-induced free radical injury.

Cisplatin leads to anorexia,[35] and this could be the rea-
son underlying weight loss following its administration.

There are surprising differences in various studies
about the effect of cisplatin on renal MDA content (i.e.,
from no significant change[36] as reported in our study to
dramatic increases in cisplatin treated animals[37]). It
seems that the results arising from the various spectro-
photometric methods of MDA assay are different and not
very precise (the HPLC may be more accurate).[38]

Decreased plasma MDA level in the O2 + CP group com-
pared with the Air + CP group despite insignificant dif-
ferences in renal MDA levels between these two groups
may be related to less overall lipid peroxidation in the O2
pretreated group because of the up-regulation of the
defense mechanism in tissues other than kidney. The
degree of changes in plasma MDA levels at different
time intervals after cisplatin administration remains to be
investigated.

Although cisplatin can lead to hypomagnesemia, there
was no difference in the plasma Mg levels among the vari-
ous groups in this study. It appears, as described earlier,[39]

that this effect of cisplatin on plasma Mg level becomes
apparent at least seven days after cisplatin administration.
Thus, it is not surprising that three days after the cisplatin
injection, there was no difference in plasma Mg levels
between the different groups.

A question remains to be answered: might this bene-
ficial effect of oxygen administration be associated with

the attenuation of antineoplastic activity of cisplatin?
Indeed, there is some evidence that suggests that oxygen
does not reduce the therapeutic effects of cisplatin. For
example, in Teicher et al.’s elegant study, cisplatin has
been classified as a drug in which the degree of cell oxy-
genation has no influence on its therapeutic effects.[40]

Daily HBO administration in mice not only does not
reduce the therapeutic effect of weekly cisplatin on the
bulky hypoxic tumors of epithelial ovarian cancer, but it
also enhances the response to chemotherapy, which is
likely due to increased tumoral vascularity.[41] Similarly,
it has been determined that O(2/3) gas mixture has a
direct anti-tumoral effect on human neuroblastoma cell
lines, and that the combined O(2/3) and cisplatin treat-
ment produces a stronger cell inhibitory effect compared
to when cisplatin is used alone, which is attributed to the
cell growth inhibition effect of oxygen therapy.[42] Nev-
ertheless, it seems that the exact effect of oxygen pre-
treatment on therapeutic effects of chemotherapeutic
agents has not been studied comprehensively and needs
to be done.

Finally, it should be stated that pure oxygen at atmo-
spheric pressure is safe for clinical application if given for
less than six hours,[12] and the first morphologic changes
in rat lungs exposed to 100% oxygen appear only after 40
h of continuous exposure,[43] far beyond the 3 h exposure
used in the present study.

In conclusion, short duration pre-exposure to oxygen
could reduce the nephrotoxicity resulting from single-dose
cisplatin administration, and it is suggested that increased
renal catalase activity and glutathione levels may be
involved in this protective effect of hyperoxia. The effect
of oxygen pretreatment on weekly cisplatin treatment, its
influence on antitumoral effects of cisplatin, and some
other commonly used chemotherapeutic agents requires
more extensive studies.
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