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ARTICLE

Aged Rats Are Susceptible to Nephrotoxicity Induced by Iodinated
Contrast Media

Shao-Bin Duan, Gai-Ling Liu, Guo-Chun Chen, Pian Wang, Peng Pan and Xiang-Qing Xu

Institute of Nephrology, The Second Xiangya Hospital, Central South University, Changsha, Hunan, P.R. China

Abstract

Objective: The objective of this study is to evaluate the effect and mechanism of aging on iodinated-contrast-media-
induced nephropathy in male rats. Methods: Twenty-four healthy male rats were initially divided into 12-month-old and
24-month-old age groups (adult and older age groups, respectively; n ¼ 12/group); subsequently, each age group was
randomly divided into saline control (NS) and contrast media (CM) groups (n ¼ 6/group). CM (76% diatrizoate, 10 mL/kg
b.w.) was given through the caudal vein. Urinary creatinine (Ucr) and serum creatinine (Scr) were detected by an automatic
biochemical analyzer. The activities of renal malondialdehyde (MDA), superoxide dismutase (SOD), angiotensin-
converting enzyme (ACE), angiotensin II (Ang II), and reduced form of nicotinamide adenine dinucleotide phosphate
oxidase (NADPH oxidase) were determined by spectrophotometric assays with commercially available kits according to
the manufacturers’ protocols. Renal histological changes were observed by hematoxylin and eosin staining and scored
semiquantitatively. Results: In diatrizoate-injected aged rats, Scr, the activities of ACE, Ang II, MDA, and NADPH oxidase
in renal tissues were significantly increased (p < 0.01). The histologic scores were higher in the aged animals with CM
treatment than those of control or adult rats (p < 0.01). There was an increasing trend but no significant statistical
difference in renal ACE, Ang II, MDA, and NADPH oxidase or histologic scores in adult CM-injected rats compared with
control animals (p > 0.05). Conclusions: Older age is an aggravating factor of iodinated-contrast-media-induced nephro-
pathy in male rats. Oxidative stress and the renin–angiotensin system (RAS) may play an important role in nephrotoxicity
induced by iodinated contrast media, especially in aged male rats.
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INTRODUCTION

Contrast-induced nephropathy (CIN) is a condition in
which an impairment in renal function (an increase in
serum creatinine bymore than 25%or 44 μmol/L) occurs
within 3 days following the intravascular administration
of a contrast medium in the absence of an alternative
etiology.1 Accounting for 10% of acute renal failure in
hospitalized patients,2 it is a serious clinical problem
associated with increased morbidity and mortality,
extended length of hospital stay, and increased health
care costs.3

The present studies and guidelines show that older age
is a risk factor for the development of CIN,1,4–7 but the
exact pathogenesis of CIN in the elderly is not clearly
understood. Recently, studies have shown that renal
ischemia, direct toxicity to renal tubular epithelium
cells, oxidative stress, and tubular obstruction are

considerably linked to the pathogenesis of CIN.8,9

Changes in renal hemodynamics are implicated in ani-
mal models due to the effects of contrast media on the
action of many substances, including dopamine-1, ade-
nosine, angiotensin II (Ang II), nitric oxide, and
endothelin.10–13 Our previous studies have indicated
that serum ACE is a sensitive parameter for the early
assessment of CIN, and renal Ang II might play a role
in renal tubular cell apoptosis induced by contrast
media.14,15 However, local ACE and Ang II activity in
renal tissue after contrast media administration remains
unknown, especially in older age.

NADPH oxidase is a major regulatory enzyme for the
production of reactive oxygen species (ROS) in cells, and
it can be used as an important indicator of ROS status,
and as a marker of renal tubular epithelial cell and vas-
cular endothelial cell damage. When NADPH oxidase
expression and activity increase, the large numbers of
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generated ROS promote oxidative stress.16,17 Emerging
data indicate that the expression level of NADPH corre-
lates well with the progression of age-related chronic
diseases, including obesity and hypertension.18 The
accumulated NADPH in aging renal tissue may enhance
the susceptibility of the aging kidney to toxic substances.4

However, the exact role of NADPHoxidase in the patho-
genesis of CIN, especially in the aged kidney, remains
unclear. Therefore, the aim of our study is to evaluate the
effect and mechanism of age on iodinated contrast
media-induced nephropathy in male rats.

MATERIALS AND METHODS

Reagents and Animals
The iodinated contrast medium was 76% diatrizoate
meglumine (Xinyi Pharmaceutical Co., Ltd, Shanghai,
China), diluted to 300 mg I/mL with distilled water. The
ACE and Ang II assay kits were purchased from the
Naval General Hospital (Beijing, China); malondialde-
hyde (MDA) and superoxide dismutase (SOD) assay kits
were purchased from Jiancheng Bioengineering Institute
(Nanjing, China); the NADPH oxidase assay kit was
purchased from Genmed Scientifics Inc. (Shanghai,
China); the bicinchoninic acid (BCA) assay kit was pur-
chased from Biyuntian Biotechnological Co., Ltd
(Jiangsu, China); and the immunohistochemical second-
ary antibody kit was purchased from Jingmei
Biotechnological Co., Ltd (Shenzhen, China).

Twenty-four healthy male Sprague-Dawley rats with a
body weight range of 230–690 g were purchased from the
Second Xiangya Hospital Animal Center, China.
According to the age category, they were first divided
into 12 month and 24 month age groups (n ¼ 12/
group), and then each age group was randomly divided
into saline (NS) control group and contrast media (CM)
group, including four sub-groups (n ¼ 6/group), named
adult NS control group (AdNS), adult contrast media
group (AdCM), aged NS control group (AgNS), and
aged contrast media group (AgCM). All experiments
were approved by the Medical Science Animal Care
Committee of the Central South University.

Experimental Protocol
After water deprivation for 24 h, all CM groups were
injected with 10 mL/kg b.w. of 76% diatrizoate through
the caudal vein in 2 min; at the same time, the other two
control groups were injected with similar volumes of saline.
Urine samples before and 48 h after administration were
collected to determine urinary creatinine (UCr) by the
picric acid method. Blood samples were obtained before
and 48 h after contrast media injection to evaluate the level
of serum creatinine (Scr) and total cholesterol (TC) by an
automatic biochemical analyzer (Hitachi 7170A, Japan).
After the blood samples were collected, all rats were sacri-
ficed by cervical dislocation.

Renal Histopathological Examination
The right kidney was fixed with 10% buffered formalin
and embedded in paraffin. The kidney samples were
sectioned at four microns and stained by hematoxylin
and eosin and Masson staining. Histological changes
were observed and scored semiquantitatively. A mini-
mum of 10 fields at �200 magnification were assessed
and graded in each biopsy. For tubular injury, the follow-
ing score was used: 0 ¼ no tubular injury; 1 ¼ <25% of
tubules injured; 2 ¼ from 25 to 50% of tubules injured;
3 ¼ from 51 to 75% of tubules injured; 4 ¼ more than
76% of tubules injured.19

Measurements of Renal MDA Levels, SOD, ACE, Ang II,
and NADPH Oxidase Activities
The MDA, SOD, ACE, Ang II, and NADPH oxidase
activities in the renal tissue were measured using com-
mercial kits. In brief, 200 mg renal cortex was washed in
ice-cold saline in tubes, cut into small pieces, and homo-
genized with ice-cold saline homogenization buffer at a
ratio of 1:9 (v:w). The homogenate was centrifuged at
2000 rpm for 20 min at 4�C. The supernatant was sepa-
rated and analyzed for total protein, which was followed
by spectrophotometric determination of renal MDA
level and SOD, ACE, Ang II, and NADPH oxidase
activities using commercially available kits, according to
the manufacturers’ protocol. The protein concentration
of the homogenate was determined by the BCA assay
method.

Statistical Analysis
All statistical analyses were carried out using SPSS for
Windows, version 16.0 (SPSS Inc., Chicago, IL, USA).
All the data are expressed as mean values � standard
deviation (X � SD). For comparison between any two
groups, group t-test was performed. Pearson’s correla-
tion was used for analysis. p-Value <0.05 was considered
statistically significant.

RESULTS

Changes of Scr and Ccr in Different Groups
Body weight, Scr, serum TC and Ccr values were identi-
fied among the four groups at the baseline. The serum
TC values of the aged rats were higher than those of the
adult animals (p < 0.05). In CM-administered rats, a
trend toward higher values of Scr accompanied by
reduced Ccr values was observed when compared with
control animals, which was significantly higher
(p < 0.01). The aged rats showed an evident increase in
Scr by >25% from baseline (p < 0.01) and a decline in
Ccr (p < 0.05) after CM administration; however, the
increase in Scr in CM-injected adult animals was <25%
from baseline (p < 0.05) with no significant difference
observed in Ccr (Table 1).
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RAS and Oxidative Stress Parameters
As shown in Tables 2 and 3, a decline in kidney ACE and
Ang II activities was observed in adult control rats, com-
pared to control animals in the older age group (p < 0.05).
When compared with the control animals or CM-injected
adult rats, the activities of kidney ACE, Ang II, MDA, and
NADPH oxidase were significantly increased in CM-
administered aged rats (p < 0.01), and this was accompa-
nied by reduced SOD (p < 0.01). In adult rats, no signifi-
cant difference of kidney MDA and ACE activity was
observed between control and CM animals (p > 0.05).

Renal Histomorphology
As shown in Figure 1, in CM-injected aged rats, vacuolar
degeneration of tubular epithelial cells, tubular dilation,
protein cast, loss of tubular brush border, increased epithe-
lial cell shedding, and necrosis of partial tubular epithelial

cells were observed, in contrast to aged control animals.
However, in CM-injected adult rats, mild swelling of renal
interstitium and vacuolar degeneration of focal tubular
epithelial cells was observed. Semiquantitative analysis
showed that the scores of tubular injury in CM-injected
aged rats were significantly higher compared to control
animals or CM-injected adult rats (p < 0.01); No signifi-
cant differences in the scores of tubular injury were
observed between adult control and CM-injected animals
(p > 0.05, Figure 2).

Correlation Analysis
The study showed that the activities of ACE, Ang II,
MDA, and NADPH oxidase in renal tissue were posi-
tively correlated to Scr (γ ¼ 0.803, γ ¼ 0.834, γ ¼ 0.812,
γ ¼ 0.865; p < 0.05, respectively) in aged rats.

Table 1. Changes of Scr and Ccr in different groups.

Scr (μmol/L) Ccr (ml/min per 100 g body weight)

Age Group n Body weight (g) TC (mmol/L) Baseline After 48 h Baseline After 48 h

12 months AdNS 6 535.9 � 59.01 1.49 � 0.22 29.32 � 1.74 30.02 � 1.69 0.44 � 0.029 0.43 � 0.027
AdCM 6 532.8 � 67.14 1.51 � 0.21 30.14 � 2.06 35.28 � 2.02a,b 0.43 � 0.028 0.41 � 0.022a,b

24 months AgNS 6 609.6 � 78.56 2.31 � 0.18b 31.27 � 1.95 33.53 � 1.92 0.41 � 0.023 0.42 � 0.022
AgCM 6 588.4 � 70.15 2.36 � 0.23b,d 31.52 � 4.51 43.33 � 4.52a,c,d 0.42 � 0.033 0.38 � 0.031a,c,d

Notes: Data are mean� SD (�x� s) for each group. TC, serum total cholesterol; Scr, serum creatinine; Ccr, creatinine clearance rate; AdNS,
adult saline control group; AdCM, adult contrast media group; AgNS, aged saline control group; AgCM, aged contrast media group.
ap < 0.05, compared with baseline.
bp < 0.05, compared with AdNS group.
cp < 0.05, compared with AgNS group.
dp < 0.05, compared with AdCM group.

Table 2. Comparison of intrarenal ACE and Ag II activity in different groups.

Age Group n ACE (U/mg protein) Ag II (ng/g protein)

12 months AdNS 6 3.78 � 1.12 2576.18 � 406.76
AdCM 6 4.09 � 1.65 3165.50 � 286.15

24 months AgNS 6 2.62 � 0.48a 2132.1 � 208.29a

AgCM 6 7.82 � 1.94b,c 5302.72 � 402.40b,c

Notes: All values of enzyme activity are presented as mean� SD (�x� s). ACE, angiotensin-converting enzyme; Ag II, angiotensin II; AdNS,
adult saline control group; AdCM, adult contrast media group; AgNS, aged saline control group; AgCM, aged contrast media group.
ap < 0.05, compared with AdNS group.
bp < 0.01, compared with AgNS group.
cp < 0.01, compared with AdCM group.

Table 3. Comparison of intrarenal ROS-related parameters in different groups.

Age Group n MDA (nmol/mg protein) SOD (U/mg protein) NADPH (U/mg protein)

12 months AdNS 6 3.34 � 0.90 466.71 � 45.72 21.8 � 3.37
AdCM 6 3.96 � 1.14 429 � 26.29 27.9 � 3.41

24 months AgNS 6 5.52 � 1.42a 439.23 � 37.29a 28.72 � 3.49a

AgCM 6 7.66 � 2.01b,c 412.05 � 41.30b 96.48 � 13.68b,c

Notes: All values of enzyme activity are presented as mean � SD (�x� s). MDA, malondialdehyde; SOD, superoxide dismutase; NADPH,
reduced form of nicotinamide adenine dinucleotide phosphate oxidase; AdNS, adult saline control group; AdCM, adult contrast media
group; AgNS, aged saline control group; AgCM, aged contrast media group.
ap < 0.05, compared with AdNS group.
bp < 0.01, compared with AgNS group.
cp < 0.01, compared with AdCM group.
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DISCUSSION

Clinical studies have showed that older age is a risk factor
for the development of CIN,1,4–7 but the exact pathogen-
esis of CIN in the elderly is not clear. Considering the
susceptibility of male animals for acute kidney
injury,20,21 we evaluated the effect and mechanism of
aging on iodinated contrast media-induced nephropathy
in male rats. The results indicated that 76% diatrizoate
injection could result in typical kidney injury of CIN
model, and older age might serve as an aggravating factor
of iodinated CIN in male rats.Oxidative stress and RAS
may play an important role in nephrotoxicity induced by
iodinated contrast media, especially in aged male rats.

The mechanism of increased susceptibility to nephro-
toxins in aging is incompletely understood and probably

involves an age-dependent increase in ROS generation,
decrease in renal reserve capacity, arterial sclerosis, renal
blood flow changes, poor regulation of body function,
decreased resistance, high sensitivity to risk factors,
etc.22,23 Previous studies have showed that hypercholes-
terolemia aggravates radiocontrast nephrotoxicity in
rats.24,25 In our study, the serum total cholesterol levels
of aged rats were higher than those of the adult animals at
baseline, which might contribute to the increased sus-
ceptibility of CIN in aged rats.

The role of RAS in the increased susceptibility to
nephrotoxins in aging is complex. Recent studies have
showed that RAS activity is decreased in aging-related
chronic disease,4,26 but increased after acute ischemia in
aged rats.27 Our data indicate that ACE and Ang II
activities in renal tissue of aged rats decrease, in compar-
ison to adult animals; this is consistent with previous
research results,4,26 indicating that the role of RAS in
kidney disease could be context-dependent, and in aged
rats, decreased activities of kidney ACE and Ang II may
account for the susceptibility to CIN, which could be
different from the mechanism in acute kidney injury.
Further studies are necessary for ascertaining the exact
role of RAS in kidney.

Recent studies indicate that the pathogenesis of CIN is
related to increased kidney ROS.1,17,18,28 NADPH oxi-
dases are prime candidates as sources of ROS and can be
used as important indicators of ROS status.29 Oxidative
stress is hypothesized to play a role in aging and age-
related disorders, such as hypertension. Sónia Simão
et al.18 found that the expression of some oxidant and
antioxidant enzymes was upregulated in old rats. The
study of Akbar Ahmada et al.30 showed that apocynin, a
NADPH oxidase inhibitor, attenuated the degree of CIN
in diabetic rats. However, the role of NADPH oxidase in
the development of CIN, is not completely understood,
especially in the elderly. Our study demonstrates that
diatrizoate significantly increases MDA and NADPH
oxidase activity in renal tissue and induced CIN model
in aged rats; however, no obvious renal injury and sig-
nificantly increased NADPH oxidase activity induced by
diatrizoate in adult animals were observed. The correla-
tion analysis shows that renal MDA and NADPH oxi-
dase were positively correlated with Scr in CM-injected
aged rats. It suggests that oxidative stress and NADPH
oxidase may play a role in the pathogenesis of CIN
induced by diatrizoate in the elderly.

Some studies have showed that disturbances of renal
hemodynamics are one of the most important mechanisms
for the development of CIN, which is mediated by
RAS.13,15,31 Clinical evidence has indicated that captopril
(angiotensin-converting enzyme inhibitor, ACEI) reduces
elevated Ang II and prevents CIN in diabetic patients.31

Withholding ACEI or angiotensin receptor blocker 24 h
before coronary angiography does not seem to influence the
incidence of CIN in stable patients with chronic kidney
disease stages 3–4.13 Angiotensin receptor blockers prevent
acute renal failure and delay the process of chronic kidney

Figure 1. Representative renal histomorphological changes. (A)
AdNS, adult saline control group. (B) AdCM, adult contrast
media group. (C) AgNS, aged saline control group. (D) AgCM,
aged contrast media group (HE staining, original magnification
�200).
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disease.13,32 Our previous studies showed that serum and
urinary ACE activities were increased 24 h–48 h after con-
trast media administration.14 The renal Ang II levels in
contrast media groups were higher than control groups
and telmisartan protected renal tissue from nephrotoxicity
induced by contrast media in glycerin-treated rats.15

However, the effect of contrast media on Ang II of aged
kidney tissue and the role of RAS on elderly CIN are
unclear. Our study indicates that renal ACE and Ang II
activities in aged rats increase significantly after contrast
media administration. It further supports an important
role for increased RAS in the pathogenesis of CIN, and
indicates that it might be a contributory factor in the devel-
opment of CIN in aged rats.

In conclusion, our study suggests that older age is an
aggravating factor of iodinated contrast-induced nephro-
pathy in male rats. Oxidative stress and RAS may play
important roles in nephrotoxicity induced by iodinated
contrast media in agedmale rats. Further study is needed
to clarify the exact nature of oxidative stress and RAS in
the pathogenesis of CIN.
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