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Abstract
Several epidemiological and clinical studies have shown that exposure to particulate air pollution is associated with increases in

morbidity and mortality, and this is more evident in patients with renal diseases. However, the basis of the possible exacerbating

effect of particulate air pollution on animal model of renal injury has received scant attention. Here, we assessed the effect of

repeated exposure to diesel exhaust particles (DEP) on cisplatin (CP)-induced nephrotoxicity in rats. DEP (0.5 m/kg) was intra-

tracheally (i.t.) instilled every second day for eight days (a total of five exposures). CP, 6 mg/kg was given 1 h before the third

exposure to DEP. Two days following the last exposure to either DEP or saline (control), various renal endpoints were measured.

Water intake, urine volume, and relative kidney weight were significantly increased in CPþDEP versus DEP and CPþ saline

versus saline. Plasma creatinine increased and creatinine clearance decreased in CPþDEP versus DEP and CPþ saline versus

saline. Interestingly, blood urea nitrogen, albumin concentrations, and gamma-glutamyl transpeptidase (GGT) activity in urine

were significantly increased in DEPþCP compared with either DEP or salineþCP. The combination of DEP and CP enhanced

kidney injury molecule-1, neutrophil gelatinase-associated lipocalin, 8-isoprostane and total nitric oxide in the kidney compared

with either salineþCP or DEP. Similarly, systolic blood pressure was increased in CPþDEP versus CPþ saline or DEP. The renal

tubular necrosis observed in kidneys of CP-treated rats was aggravated by the combination of CPþDEP. We conclude that

repeated exposure to DEP potentiated CP-induced nephrotoxicity. Our data provide experimental evidence that patients with

kidney injury could be at higher risk than the general population.
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Introduction

Particulate air pollution with particle diameter less than

2.5 mm (PM2.5) contributes to pulmonary and extrapulmon-

ary morbidity and mortality.1 Diesel exhaust particles

(DEP), which are the main contributors to PM2.5 and ultra-

fine (nano-sized) particles (diameter� 0.1mm) in cities, have

been identified in a number of studies to cause adverse

health effects, including cardiorespiratory diseases.2,3

It has been reported that exposure to particulate air pol-
lution plays some role in a variety of human diseases invol-
ving the cardiovascular, nervous, and urinary systems.4

This increased risk is particularly apparent in at-risk popu-
lations such as the elderly and those with diabetes or hyper-
tension.5–11 All of these diseases and conditions are known

to be associated with a high risk of developing complica-
tions, such as acute renal failure.12 Studies have suggested
that this risk occurs within few hours to days of exposure to
high levels of PM2.5.

1,9,10 Recently, an association between
ambient air pollution and cardiovascular disease in kidney
transplant recipients has been reported,13 and kidney trans-
plant recipients have been identified as a novel subpopula-
tion susceptible to ambient air pollution.13

Attention into the extrapulmonary influence of particu-
late air pollutants has been growing since the establishment
that ultrafine (nano-sized) particles are able to translocate
directly from the lungs into systemic circulation and gain
access to extra-pulmonary tissues.14–17 Also, inhaled par-
ticles were reported to cause the release of soluble inflam-
matory mediators from the lungs into the blood which can
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have impact on various organs, such as the liver, kidney, the
heart, and the brain.14–17

Although the interest in the effects of particulate air pol-
lution in animal model of enhanced susceptibility is increas-
ing, the possible aggravating effect of particulate air
pollution on animal model of renal injury has received
only scant attention. We have recently reported the first
in vivo experimental evidence that single dose exposure to
DEP in the lung aggravated the renal, pulmonary, and sys-
temic effects of cisplatin (CP)-induced acute renal failure in
rats.18 In that study, acute renal failure was first induced by
CP administration and then the rats were exposed to a
single dose of DEP.18 Subsequently, we also showed that
DEP aggravated the CP-induced decreased cell viability
and oxidative stress in human embryonic kidney (HEK-
293) cells, and that curcumin pretreatment significantly
suppressed the observed DEP and CP-induced cellular
insults.19

Since many humans are exposed to DEP on a continual
basis, we intended, in the present study, to equate the real
world situation by repeatedly administering DEP prior and
after to inducing acute renal failure. Therefore, the aim of
this study was to investigate the possible exacerbating effect
of repeated pulmonary exposure to DEP on CP-induced
nephrotoxicity by examining a comprehensive set of renal
endpoints including renal histopathology and several renal,
serum, and urine biochemical and physiological indices.

Material and methods
Animals

Male Wistar rats (Taconic Farms Inc., Germantown, New
York, USA), aged 10–12 weeks and initially weighing
280� 18 g, were given a standard laboratory chow and
water ad libitum. They were randomly divided into four
groups (n¼ 8–10) and individually housed in metabolic
cages, to facilitate urine collection, at a temperature of
23� 2�C, relative humidity of 50–60%, and a 12-h dark–
light cycle. An acclimatization period of four days was
allowed for the rats before any experimentation. The rats
were weighed at the beginning of the experiment and just
before sacrifice. Rats were cared for under a protocol
approved by the Animal Research Ethics Committee of
our college, and according to the NIH Guide for the
Care and Use of Laboratory Animals, NIH publication no.
85–23, 1985.

Intratracheal (i.t.) instillation

We used DEP (SRM 2975) obtained from the National
Institute of Standards and Technology (NIST,
Gaithersburg, MD, USA). We have recently analysed the
size of DEP used in the present study by transmission elec-
tron microscopy and found a substantial amount of ultra-
fine (nano) sized particle aggregates and larger particle
aggregates (<1mm in largest diameter).20 DEP were sus-
pended in sterile normal saline (NaCl 0.9 %) containing
Tween 80 (0.01 %). To minimize aggregation, particle sus-
pensions were always sonicated (Clifton Ultrasonic Bath,
Clifton, NJ, USA) for 15 min and vortexed before their dilu-
tion and prior to i.t. administration. Control animals
received normal saline containing Tween 80 (0.01%).

Treatments

The animals were anesthetized with i.p. injection of keta-
mine (75 mg/kg) and xylazine (10 mg/kg), and placed
supine with extended neck on an angled board. A Becton
Dickinson 18 Gauge cannula was inserted via the mouth
into the trachea. DEP suspension (0.5 mg/kg in 150mL) or
saline were intratracheally (i.t.) instilled (150 mL) via a ster-
ile syringe and followed by an air bolus of 150mL. Either
DEP or saline was i.t. instilled every second day for eight
days (a total of five exposures) (Figure 1). CP, 6mg/kg
(David Bull Laboratories, PTY Ltd, Victoria, Australia)21,22

was given intraperitoneally (i.p.) 1 h before the third expos-
ure to DEP (Figure 1). Control animals received similar
volume of normal saline i.p. The urine collection for
volume and biochemistry analysis was done one time. On
day 9, rats were shifted into individualized metabolic cages,
and urine of each rat was collected over a 24-h period (i.e.
on day 10) and the volume measured. On day 10 (i.e. two
days following the last exposure to DEP), various renal end-
points were measured (Figure 1).

Systolic blood pressure measurement

On day 10, the Systolic BP (SBP) was measured using a
computerized noninvasive tail-cuff manometry system
(ADInstrument, Colorado Springs, CO, USA). To avoid pro-
cedure-induced anxiety, rats were trained for three consecu-
tive days before the experimental procedure.

Blood collection and biochemical analysis

Following SBP measurement, the same animals were sacri-
ficed with an overdose of anesthesia and kidneys were
excised, washed with ice-cold saline, blotted with filter

Figure 1 Treatments and endpoints following the repeated intratracheal instillation (i.t.) of saline or diesel exhaust particles (DEP) with or without cisplatin (CP)

administration [given intraperitoneally (i.p.)] in rats. SBP: systolic blood pressure
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paper and weighed. The cortex of the right kidney was
excised away from the medulla, and rapidly homogenized
in ice-cold normal saline to produce 10 (w/v) tissue
homogenate.

The concentrations of urea and creatinine in serum were
spectrophotometrically measured using commercial kits
(Roche Diagnostics, Indianapolis, IN, USA). Urine albumin
concentration and gamma-glutamyl transpeptidase (GGT)
activity were measured spectrophotometrically using kits
from Roche (Roche Diagnostics, IN, USA). The concentra-
tions of kidney injury molecule-1 (KIM-1) (R & D systems,
MN, USA) and 8-isoprostane (Cayman Chemicals, MI,
USA) as well as neutrophil gelatinase-associated lipocalin
(NGAL) activity (R & D systems, MN, USA) were measured
in renal cortex homogenates. The determination of nitric
oxide (NO) concentration in kidney homogenates was per-
formed with a total NO assay kit (R & D systems, MN, USA)
which measures the more stable NO metabolites NO2

� and
NO3

�.23,24 The concentration of CP (as platinum) in cortical
tissue was measured by flameless atomic absorption spec-
trophotometry (Perkin-Elmer, 3300 DV ICP-OES equipped
with a cross-flow nebulizer, in addition to an ultrasonic
nebulizer). The procedure involved mineralization of the
kidney cortex tissue with a mixture of concentrated HNO3

and H2O2, followed by determination of platinum in the
extract, using inductively coupled plasma optical emission
spectrometry, at an emission wavelength of 265.945 nm.

Histopathology

From each animal in the experiment, a small piece of the left
kidney was fixed in 10% neutral-buffered formalin,

dehydrated in increasing concentrations of ethanol, cleared
with xylene and embedded in paraffin. Five micormeter
sections were prepared from kidney paraffin blocks and
stained with hematoxylin and eosin (H & E). The micro-
scopic scoring of the kidney sections was carried out in a
blinded fashion by a histopathologist who was unaware of
the treatment groups and assigned a score as described ear-
lier,22 which represents the approximate extent of necrotic
area in the cortical proximal tubules on a scale of 0–4 (0, no
necrosis; 1, a few focal necrotic spots; 2, necrotic area was
about one half; 3, necrotic spots formed about two-thirds; 4,
nearly the entire area was necrotic).

Statistics

All data were analyzed with GraphPad Prism Version 4.01
for Windows software (Graphpad Software Inc., San Diego,
USA). Data were analyzed for normal distribution using the
D’Agostino and Pearson omnibus normality test. Data are
expressed as means� SEM. Comparisons between groups
were performed by one way analysis of variance (ANOVA),
followed by Newman Keuls test for comparing treated with
control data. P values <0.05 are considered significant.

Results
Body weight, relative kidney weight, water intake, and
urine volume

Figure 2(a) shows that rats given saline gained about 1,
while those receiving DEP gained about 3% of their initial
body weight. No significant difference was found between
saline and DEP groups. However, rats treated concurrently

Figure 2 Body weight change (a), relative kidney weight (b), water intake (c), and urine volume (d) in rats repeatedly treated with either saline (control) or diesel

exhaust particles (DEP, 0.5 mg/kg) with or without cisplatin (CP, 6 mg/kg) administration (n¼ 8–10). Mean�SEM. Statistical analysis by ANOVA 1 followed by

Newman–Keuls test
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with CP and saline lost about 10% (P< 0.001 versus saline
group), whereas those administered with CP and DEP lost
about 14% (P< 0.001 versus DEP group), respectively.
Figure 2(b) illustrates that the relative kidney weights
were significantly increased in rats given CPþ saline com-
pared with those given saline only (P< 0.01), and in rats
given CPþDEP compared with those given DEP only
(P< 0.001). Likewise, the water intake (Figure 2c) and
urine volume (Figure 2d) were significantly increased in
the CPþsaline group compared with the saline group
(P< 0.05), and in the CPþDEP group compared with the
DEP group (P< 0.05).

Renal platinum concentration

Measurement of CP (as platinum) in renal tissues showed
similar values in rats treated with salineþCP (6.2� 0.8 ppm)
and rats treated with DEPþCP (6.4� 1.0 ppm)-treated rats.
No platinum has been found in the kidneys of rats treated
with saline or DEP.

Plasma creatinine and urea concentration and
creatinine clearance

Figure 3 illustrates the effects saline and CP with or without
DEP, on the plasma concentrations of creatinine and urea
and creatinine clearance. DEP did not significantly affect
the concentrations of urea compared with the saline-treated
group. However, treatment with CPþsaline significantly

increased the concentration of urea compared with the
saline-treated rats. Interestingly, CPþDEP treatment signifi-
cantly increased the concentration of urea more than in rats
treated with DEP alone or CPþ saline (Figure 3a).
Creatinine in plasma significantly increased in the
CPþ saline group compared with the saline group
(P< 0.05), and the DEPþCP group compared with the
DEP-treated group (P< 0.01). A statistically insignificant
increase in plasma creatinine was observed in CPþDEP
versus CPþ saline (Figure 3b). Creatinine clearance was
significantly reduced in rats treated with CPþsaline com-
pared with rats treated with saline (P< 0.05), and in rats
treated with DEPþCP compared with in rats treated with
DEP (P< 0.05). The decrease in creatinine clearance in
CPþDEP-treated rats compared with CPþ saline-treated
rats was not statistically significant (Figure 3c).

Albumin concentration and GGT activity in urine

Urinary albumin concentration was significantly increased
in CPþsaline compared with saline-treated controls
(P< 0.001), and in rats treated with CPþDEP compared
to the DEP-treated group (P< 0.001). Interestingly, the com-
bination of CPþDEP significantly enhanced (P< 0.01) the
urinary albumin concentration compared with CPþ saline
(Figure 4a). Urinary GGT activity was significantly
increased in CPþDEP compared with CPþsaline or DEP
alone (Figure 4b).

Figure 3 Plasma levels of urea (a) and creatinine (b), and creatinine clearance (c) in rats repeatedly treated with either saline (control) or diesel exhaust particles (DEP,

0.5 mg/kg) with or without cisplatin (CP, 6 mg/kg) administration (n¼8–10). Mean�SEM. Statistical analysis by ANOVA 1 followed by Newman–Keuls test
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KIM-1 and NGAL concentrations in kidney
homogenates

Figure 5(a) illustrates that treatment with CPþsaline signifi-
cantly enhanced the concentration of KIM-1 compared with
that in the saline-treated group. Concomitant treatment
with CPþDEP significantly increased the concentration of
KIM-1 in kidney homogenates when compared with the
values obtained from rats treated with CPþsaline or DEP.
Likewise, NGAL renal concentration was significantly
increased by the combination of CPþDEP versus
CPþsaline or DEP alone (Figure 5b).

8-isoprostane concentration and NO activity in kidney
homogenates

A significant increase in markers of oxidative stress includ-
ing 8-isoprostane and total NO has been found following
the treatment of rats with CPþDEP compared with treat-
ment with CPþsaline or DEP alone (Figure 6).

Histopathology

Figure 7 depicts representative micrographs of renal cortex
from the four studied groups. The kidney architecture was
not affected by saline (Figure 7a) or DEP (Figure 7b) treat-
ments. In rats treated with CPþsaline (Figure 7c) and those
treated with CPþsaline (Figure 7d), renal cortex showed the

Figure 4 Concentration of albumin (a) and activity of gamma-glutamyl trans-

peptidase (GGT, b) in urine of rats repeatedly treated with either saline (control) or

diesel exhaust particles (DEP, 0.5 mg/kg) with or without cisplatin (CP, 6 mg/kg)

administration (n¼8–10). Mean�SEM. Statistical analysis by ANOVA 1 followed

by Newman–Keuls test

Figure 6 Renal levels of 8-isoprostane (a) and total nitric oxide (NO, b) in rats

repeatedly treated with either saline (control) or diesel exhaust particles (DEP,

0.5 mg/kg) with or without cisplatin (CP, 6 mg/kg) administration (n¼ 8–10).

Mean�SEM. Statistical analysis by ANOVA 1 followed by Newman–Keuls test

Figure 5 Renal levels of kidney injury molecule-1 (KIM-1, a) and neutrophil

gelatinase-associated lipocalin (NGAL, b) in rats repeatedly treated with either

saline (control) or diesel exhaust particles (DEP, 0.5 mg/kg) with or without cis-

platin (CP, 6 mg/kg) administration (n¼8–10). Mean�SEM. Statistical analysis

by ANOVA 1 followed by Newman–Keuls test

1040 Experimental Biology and Medicine Volume 239 August 2014
. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .



presence of acute tubular necrosis, tubular distension with
eosinophilic material, interstitial edema, and congestion. In
the CPþsaline group (Figure 7c), the acute tubular necrosis
involved about one half of the examined tissue and was
given a score of 2, whereas in the CP þDEP group (Figure
7d) acute tubular necrosis involved about two-thirds of the
examined tissue and was given a score of 3.

Systolic blood pressure

DEP slightly but insignificantly increased the SBP com-
pared with saline group. CPþsaline significantly increased
SBP compared to saline group. Interestingly, CPþDEP sig-
nificantly enhanced SBP compared with CPþsaline and
DEP (Figure 8).

Discussion

In the present study, we showed that repeated exposure to
DEP exacerbate CP-induced acute renal failure. We found
that compared with treatment with CPþsaline or DEP
alone, the combination of CP and DEP aggravated plasma
urea concentration, urinary GGT activity, and albumin con-
centration, and renal concentration of KIM-1, total NO and
8-isoprostane, and NGAL activity. Histological analysis
revealed the presence of a severer tubular necrosis in the
kidneys of rats treated with CPþDEP compared with those
from rats treated with CPþsaline. Moreover, as a conse-
quence of aggravation renal failure, the SBP was poten-
tiated by CPþDEP compared with CPþsaline or DEP
treatments.

CP [cis-diaminedichloroplatinum(II)], an anticancer
drug, is commonly used for the therapy of solid cancers
such as ovarian, head and neck carcinomas, and germ cell
tumors.25 The drug is thought to be bioactivated to a
nephrotoxicant, and it damages cell mitochondria, arrests
cell cycle in the G2 phase, inhibits ATPase activity, alters the
cellular transport system and eventually causes apoptosis,
inflammation, necrosis and death in proximal tubules and
collecting ducts.25 Nephrotoxicity is frequent and is the
major limitation in CP-based chemotherapy and has been
ascribed to several mechanisms that include oxidative and

Figure 7 Representative light microscopy sections of renal tissue of rats repeatedly given saline (control, a), diesel exhaust particles (DEP 0.5 mg/kg, b), cisplatin (CP,

6 mg/kg)þsaline (c), CPþDEP (0.5 mg/kg, d). The kidney architecture was not affected in groups (a) and (b) treatments. The renal tubules have normal appearance

(yellow arrow). The micrographs in groups (c) and (d) showing acute tubular necrosis with eosinophilic material within the lumen (double arrow), interstitial oedema and

congestion (arrow head) and shedding of epithelial cells within lumen (long arrow) and flattened epithelial cells of the tubules (short arrow). In CPþsaline group (c), the

acute tubular necrosis involved about one half of the examined tissue and was given a score of 2, whereas in CP þDEP (d) acute tubular necrosis involved about

two-thirds of the examined tissue and was given a score of 3. (A color version of this figure is available in the online journal.)

Figure 8 Systolic blood pressure (SBP) in rats repeatedly treated with either

saline (control) or diesel exhaust particles (DEP, 0.5 mg/kg) with or without cis-

platin (CP, 6 mg/kg) administration (n¼ 8–10). Mean�SEM. Statistical analysis

by ANOVA 1 followed by Newman–Keuls test
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nitrosative stress.26 Several reports have documented the
development of renal failure with a single i.p. dose of
6 mg/kg in rats.18,21,27

It is well-established that patients with kidney disease,
including those requiring dialysis, develop states of
increased inflammation and oxidative stress. It is plausible
that those states make patients with kidney disease vulner-
able to air pollution.28 In the present study, we assessed the
effect of repeated exposure to DEP on CP-induced nephro-
toxicity. This approach is more relevant to human exposure
scenarios than single dose exposure. We have recently
assessed the effect of single dose exposure to DEP (0.5
and 1 mg/kg) on renal, pulmonary, and systemic param-
eters in CP-induced acute renal failure in rats.18 In the pre-
sent study, since we wanted to investigate the effect of
repeated exposure of DEP on CP-induced nephrotoxicity,
we have purposefully selected the lower dose of DEP, i.e.
0.5 mg/kg that we previously tested.18 Moreover, the dose
of particles we tested here (0.5 mg/kg every second day) is
comparable to several dosage regimens previously
reported.29,30 Rats were exposed to DEP by i.t. instillation
because it provides more accurate dosing, given that rats
are obligate nose breathers that filter most inhaled
particles.31

Our data show that compared to saline or DEP alone, the
treatment of animals with either CPþDEP or CPþsaline
decreased body weight and increased relative kidney
weight, water intake, and urine volume. However, no
aggravating effect was observed in rats given CPþDEP
when compared to those that have been given CP þ saline.

Creatinine in plasma significantly increased in
CPþsaline compared with saline, and DEPþCP compared
with DEP. The increase in CPþDEP versus CPþsaline
failed to reach statistical significance. Interestingly,
CPþDEP treatment consistently increased the concentra-
tion of urea more than in rats treated with either
CPþsaline or DEP. Such effect was not previously observed
following single-dose exposure to DEP in rats with acute
renal failure.18 Creatinine clearance was significantly
reduced in CPþsaline compared with saline, and
DEPþCP compared with DEP. The decrease in creatinine
clearance in CPþDEP compared with CPþsaline did not
achieve statistical significance.

We found that the combination of CPþDEP aggravated
the urinary excretion of albumin compared with either
CPþsaline or DEP. Albumin is a major serum protein and
is often the most abundant protein found in urine during
renal injury.32 The quantity of albumin appearing in urine is
very important to distinguish the etiology of renal disease.32

Albuminuria may occur in renal tubular disease, such as
early stage diabetes, or in drug-induced human acute
kidney injury caused by several chemotherapeutics such
as CP and by gentamicin antibiotics known to cause
direct tubular toxicity.33 This probably indicates that the
sieving properties of the glomerular filtration barrier are
aggravated by the combination of CPþDEP and/or the
reduction in the tubular reabsorption of this protein.33

GGT is brush border enzymes located in the proximal
renal tubule, and is normally present in urine as a conse-
quence of tubular cell shedding. Its activity becomes

increased in cases of acute tubular necrosis due to excess
cellular loss, and elevated urinary enzyme activity has been
used as a biomarker of proximal tubular injury.34 Our data
is in line with an aggravation proximal tubular injury since
we found an increase in urinary activity of GGT in
CPþDEP versus CPþDEP or DEP.

KIM-1 and NGAL are relatively new and very sensitive
biomarkers of early renal injury expressed by renal tubular
epithelium.34 Our findings confirm that administration of
CPþDEP exacerbate the kidney injury evidenced by
marked increase in both KIM-1 and NGAL compared
with either CPþ saline or DEP.

We have previously shown that pulmonary exposure
to DEP cause oxidative stress and pretreatment with
antioxidant such as thymoquinone, curcumin or 2-oxothia-
zolidine-4-carboxylate prevents DEP-induced cardio-
respiratory toxicity.30,35,36 On the other hand, oxidative
stress in kidney plays an important role in CP-induced
renal damage, and several antioxidants and thiol com-
pounds have been shown to protect against CP-induced
nephrotoxicity.21,37,38 In the present study, as a marker for
oxidative stress, we selected to measure the kidney levels of
NO and 8-isoprostane. Isoprostanes are a family of eicosa-
noids of nonenzymatic origin, produced by the random oxi-
dation of tissue phospholipids by oxygen radicals. Elevated
levels of isoprostanes have been found in plasma, urine and
lung tissue of mice exposed to carbon nanoparticles39 and
plasma of diabetic mice exposed to DEP.40 We found a sig-
nificant increase of 8-isoprostane and NO in CPþDEP
group compared with either CPþsaline or DEP alone, sug-
gesting that the aggravating effect of CP and DEP is
mediated, at least partly, through the oxidative stress. We
have previously demonstrated that single dose exposure to
DEP in rat model of acute renal failure exacerbates the
decrease of reduced glutathione compared with DEP or
CP þ saline.18 Waly et al.19 reported that DEP augmented
the CP-induced cytotoxicity and oxidative stress in cultured
human kidney (HEK 293), and that the pretreatment with
curcumin protected against DEP and CP-induced
cytotoxicity.

In line with the aggravation of the biochemical param-
eters by the combination of CP and DEP, the histological
findings showed the presence of acute tubular necrosis,
tubular distention with eosinophilic material, interstitial
edema, and congestion. Interestingly, in CP þDEP group,
acute tubular necrosis involved about two-thirds of the
examined tissue, whereas in CPþsaline acute tubular necro-
sis involved about one half of the examined tissue. Such
effect was not previously observed following single dose
exposure to DEP in rats with acute renal failure.18 Indeed,
in our previous study, the degree of acute tubular necrosis
observed in CPþDEP was similar to that of CPþsaline.18

The kidneys are the major site for CP accumulation, and
this results in necrosis of the terminal portion of the prox-
imal renal tubules and apoptosis in the distal nephron.21

The concentrations of CP in the renal cortex in rats treated
with CPþDEP were similar to those treated with CP þ
saline. Thus, our findings suggest that DEP does not
affect the accumulation of CP, and, therefore, the
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potentiating effect in nephrotoxicity that we have seen does
not result from the renal accumulation of CP.

To investigate the possible pathophysiological conse-
quence of the aggravation of nephrotoxicity in CPþDEP,
we assessed the SBP in the four studied group. Our data
show that the combination of CP and DEP augmented the
SBP compared with either CPþsaline or DEP. Although sev-
eral factors clearly contribute to the pathogenesis and main-
tenance of blood pressure elevation, it is well established
that renal mechanisms play a primary role.41 Our finding
suggests that acute renal failure has a significant effect on
extrarenal organs including the cardiovascular or respira-
tory systems.18 Studies in humans and in animal models
have demonstrated that acute renal failure has a signifi-
cant effect on the function of extrarenal organs.42–44

Inflammation and oxidative stress are major components
of the initiation and exacerbation of kidney injury, and
local inflammation of kidney tissues could be a source of
the development of inflammation and injury in extrarenal
organs.42–44

We conclude that repeated exposure to DEP potentiate
CP-induced nephrotoxicity. Our data provide experimental
evidence that patients with kidney injury are at higher risk
than the general population.
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