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 Background: Contrast-induced nephropathy (CIN) refers to acute renal damage that occurs after the use of contrast agents. 
This study investigated the renal protective effect of probucol in a rat model of contrast-induced nephropathy 
and the mechanism of its effect.

 Material/Methods: Twenty-eight Wistar rats were randomly divided into the control group, model group, N-acetylcysteine(NAC) 
group, and probucol group. We used a rat model of iopromide-induced CIN. One day prior to modeling, the rats 
received gavage. At 24 h after the modeling, blood biochemistry and urine protein were assessed. Malondialdehyde 
(MDA) and superoxide dismutase (SOD) were measured in renal tissue. Kidney sections were created for his-
topathological examination.

 Results: The model group of rats showed significantly elevated levels of blood creatinine, urea nitrogen, 24-h urine pro-
tein, histopathological scores, and parameters of oxidative stress (P<0.05). Both the NAC and probucol groups 
demonstrated significantly lower Scr, BUN, and urine protein levels compared to the model group (P<0.05), 
with no significant difference between these 2 groups. The NAC group and the probucol group had significant-
ly lower MDA and higher SOD than the model group at 24 h after modeling (P<0.05). The 8-OHdG-positive tu-
bule of the probucol group and NAC group were significantly lower than those of the model group (p=0.046, 
P=0.0008), with significant difference between these 2 groups (P=0.024).

 Conclusions: Probucol can effectively reduce kidney damage caused by contrast agent. The underlying mechanism may be 
that probucol accelerates the recovery of renal function and renal pathology by reducing local renal oxidative 
stress.
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Background

Contrast-induced nephropathy (CIN) refers to acute renal dam-
age that occurs after the use of contrast agents, and the gen-
eral standard for CIN is a 25% increase in serum creatinine 
(Scr) compared to the basal level within 48 h or an increase of 
5 mg/dl in the absolute level of Scr [1,2]. In recent years, with 
the rapid development of medical imaging technology and the 
rise of interventional radiology for the treatment of cardiovas-
cular and cerebrovascular diseases and cancer therapy, large 
quantities of contrast agents have been used clinically, and 
the resulting form of acute kidney injury (AKI), together with 
surgery- and drug-induced AKI, constitute the 3 major causes 
of hospital-acquired acute renal failure [3] and have attracted 
significant attention from clinicians. Numerous studies indicate 
that the pathophysiology of CIN is closely related to renal he-
modynamic changes and medullary ischemic injury, reactive 
oxygen species (ROS)-induced oxidative stress damage, indi-
rect damage to the tubules, and tubular obstruction. Among 
these causes, ROS-induced oxidative stress damage is partic-
ularly important [4] and is currently an important drug inter-
vention target for the prevention of CIN in clinical practice.

N-acetylcysteine (NAC) is the universally recognized CIN pre-
vention drug, as it demonstrates strong antioxidant effects 
and is often used in combination with hydration to prevent 
the occurrence of CIN [5]. Probucol is a drug with both anti-
oxidative and lipid-lowering effects and is commonly used in 
clinical practices for the prevention and treatment of athero-
sclerosis [6] and diabetic nephropathy [7]. Recent studies have 
shown that, prophylactic treatment with probucol in patients 
undergoing coronary angiography has a preventive role against 
CIN [8]. This study utilized the one of rat CIN model to inves-
tigate the renal protective effect of probucol and the underly-
ing mechanism responsible for this protection.

Material and Methods

Experimental materials

A total of 28 clean-grade male Wistar (WT) rats at 6~8 weeks 
of age and a weight of 180~200 g were purchased from 
Beijing Vital River Laboratory Animal Technology Co. Ltd. 
(Animal Certificate of Conformity: SCXK (Beijing) 2006–0008). 
The animals were adaptively fed in the clean animal room at 
the Experimental Animal Center of the Academy of Military 
Medical Sciences for 1 week. All procedures for animal exper-
iments were performed in accordance with the protocols and 
related provisions of the Academy of Military Medical Sciences 
Laboratory Animal Committee.

Probucol was purchased from Qilu Pharmaceutical Co. 
Ltd. (China); NAC was purchased from Hainan Zambon 
Pharmaceutical Co. Ltd. (China), Mikara; and N-nitro and 
-L-arginine methyl ester (L-NAME) were purchased from Sigma 
Company (USA). The low-osmolar, nonionic contrast media 
agent (Iopromide) was obtained from Schering AG (Germany).

Superoxide dismutase(SOD) and malondialdehyde (MDA) kit 
were purchased from Nanjing Jiancheng Company (China); 
8-OHdG antibody was purchased from Abcam Company 
(England); A Mindary BS480 analyzer and a COBAS701 bio-
chemical analyzer were used. The microscopic image acqui-
sition and analysis system was from Olympus Co., Japan. The 
Hitachi H-600 transmission electron microscope was obtained 
from Hitachi.

Model and grouping

The rats were randomly divided into 4 groups: control group, 
model group, NAC group, and probucol group, with 7 rats in 
each group. CIN rats were subjected to CIN protocol as fol-
lows: [9,10] Rats in the model, NAC, and probucol group were 
anesthetized with 60 mg/kg pentobarbital. Pentobarbital so-
dium anesthesia was followed by CIN induction, which was 
performed with drug administration into a tail vein. Drugs ad-
ministered consisted of indomethacin at a dose of 10 mg/kg, 
followed at 15 min and 30 min later with Nw-nitro-L-Arginine 
methyl ester (L-NAME) at dose of 10 mg/kg and with low-os-
molar, non-ionic contrast medium agent (Iopromide) at a dose 
of 1600 mg iodine/kg. This quantity is the dose of contrast 
medium that is standard for clinical use and for other relevant 
experiments in rat models. Control rats were injected with an 
equivalent volume of saline at each time point. Rats in the NAC 
group received intragastric administration of NAC (150 mg/kg) 
24 h prior to the CIN-inducing injections. Rats in the probu-
col group also received intragastric administration of probu-
col (500 mg/kg) 24 h prior to the CIN-inducing injections. The 
control group and the model group were given an equal vol-
ume of saline by intragastric administration.

Observation indicators

General condition

The mental state, activity, food intake, body weight, and mor-
tality of rats were observed after the procedure. At 24 h after 
modeling, all rats were killed.

Renal function and urine protein examination

After the rats were anesthetized for the modeling procedure, 
1 ml of blood was obtained from the inner canthus for blood 
biochemical examination prior to modeling. At 24 h after 
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modeling, all rats were killed. In addition, 4 ml of blood was 
obtained from the abdominal aorta prior to removing the kid-
ney tissue, and the upper layer of serum was collected after 
15 min of centrifugation at 12 000 rpm to measure Scr and 
blood urea nitrogen (BUN). One day before modeling and af-
ter modeling, metabolic cages were used to collect 24-h urine 
protein measurements for each group of rats.

Detection of relevant renal oxidative stress indicators

After the rats were killed, the kidney tissues were quickly re-
moved. Tissue blocks of the appropriate size were taken, placed 
in pre-cooled ice-cold normal saline, and made into tissue ho-
mogenate at a ratio of 1: 9. The supernatant was removed af-
ter 15 min of centrifugation at 3000 rpm, and the purchased 
kits were used to measure the levels of SOD and MDA in re-
nal tissues. The kits were purchased from Nanjing Jiancheng 
Bioengineering Institute.

Renal pathological examination

Tissue blocks from rat kidney tissues were made, fixed in 10% 
formaldehyde, dehydrated with conventional methods, embed-
ded in paraffin, and sectioned for Periodic acid-Schiff (PAS) 
staining. Renal pathological changes were observed using light 
microscopy. Histopathological scoring was performed by 2 pa-
thologists using previously reported methods [11,12], based 
on the assessment of tubular expansion, cast formation, brush 
border loss, and epithelial cell necrosis caused by tissue dam-
age. Then, the following 5-point scoring system was used to 
assess renal pathology: 0 points (normal without damage); 1 
point (£10%); 2 points (11~25%); 3 points (26~45%); 4 points 
(46~75%), and 5 points (³76%). At least 10 random, non-over-
lapping fields (200× magnification) were observed for each 
slice. The pathologists were blinded to rat allocation group.

Renal cortex was fixed in phosphate buffer (pH 7.2) contain-
ing 3% glutaraldehyde and 0.22 mmol/L sucrose. After fixing 
in 1% osmium tetroxide, the samples were dehydrated in an 
ethanol gradient and embedded in epoxy resin. The patholo-
gy of the kidney ultrastructure was examined using a Hitachi 
H-600 transmission electron microscope.

Immunohistochemistry of tubular 8-OHdG

Formaldehyde-fixed paraffin-embedded renal tissue sections 
were stained using the avidin-biotin complex. ABC method 
was used for 8-OHdG immunohistochemical examination. The 
OlympusIX51 biomedical image analysis system was used for 
manual analysis. Two pathologists continuously observed at 
least 10 high-power fields (×200) for each slice, counted the 
number of positive cells in each high-power field, and calculat-
ed the average number of positive cells to reflect the intensity 

of positive expression. The pathologists were blinded to rat 
allocation group.

Statistical methods

SPSS17.0 statistical software was used for data analysis. 
Measurement data are expressed as the mean ± standard 
deviation, and the Kolmogorov-Smirnov method was used to 
test the normality of each group. Comparisons among groups 
were performed using one-way analysis of variance (ANOVA), 
and the Levene method was used to test homogeneity of vari-
ance. Comparisons between 2 groups were performed using the 
SNK-q test, and P<0.05 was considered statistically significant.

Results

General condition of the animals

There were no deaths among the rats involved in this study. 
The rats in the control group did not show significant abnor-
malities in feeding or activity, although rats in the other groups 
showed various levels of malaise, lethargy, slowed mobility, 
loss of appetite, and weight loss, with the model group of rats 
showing the most significant symptoms.

Comparison of renal function among various treatment 
groups

Scr, BUN, and urine protein levels in the rats in each group 
were all at the same baseline level before model establish-
ment (Table 1). After the procedure, the control group did not 
show significant changes in Scr, BUN, or urine protein lev-
els in comparison to the pre-procedure levels. At 24 h after 
the procedure, the model group showed significantly higher 
levels of Scr, BUN, and urine protein than the control group 
(P<0.01,P=0.002, P<0.01). Both the NAC and probucol groups 
demonstrated significantly lower Scr, BUN, and urine protein 
levels compared to the model group (P<0.05), with no signifi-
cant difference between these 2 groups (Figure 1).

Detection of relevant indicators of oxidative stress in renal 
tissue

After the procedure, the SOD and MDA levels in the renal tis-
sues of the control group showed no significant changes in 
comparison to the baseline levels. However, at 24 h after the 
procedure, the SOD level of the model group was significant-
ly decreased (P<0.01), whereas the MDA level was significant-
ly increased (P<0.01). In addition, the NAC group and the pro-
bucol group showed significantly milder changes in the above 
indicators compared to the model group (P<0.05), with no sig-
nificant difference between these 2 groups (Table 2).
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Renal morphological changes

PAS staining of kidney tissues showed that the renal tubular 
epithelial cells of the control group presented a normal mor-
phology and structure, without any luminal expansion or uri-
nary casts. However, at 24 h after the procedure, the model 
group showed obvious tubular epithelial vacuolar degenera-
tion and disintegration and shedding of the brush border, as 
well as visible cell casts and protein casts in regions of the lu-
men. In comparison, the probucol group showed milder patho-
logical changes than the model group, but still presented fair-
ly obvious vacuolar degeneration and brush border loss, and 
the NAC group showed milder pathological changes than the 
probucol group (Figures 2, 3). Electron microscopy showed 
that the mitochondria of renal tubular epithelial cells in the 
model group were swollen and had ridge fractures. The NAC 
group and probucol mitochondrial group showed milder mito-
chondria swelling compared with the model group (Figure 4).

Observation of renal immunohistochemistry for each group

The conventional ABC method was used to perform 8-OHdG 
immunohistochemical staining on paraffin sections. As ob-
served under a light microscope, the tubules in the control 
group presented a very low number of 8-OHdG-positive tubules, 
and the staining was light. At 24 h after model construction, 
the 8-OHdG-positive tubule area of the model group was sig-
nificantly greater than that of the control group (P<0.01), and 
the positive tubule proportion of the probucol group and NAC 
group were significantly lower than those of the model group 
(p=0.046, P=0.0008). Differences were identified between the 
NAC and probucol groups (P=0.024). The positive tubule pro-
portion of the NAC group was significantly lower than those 
of the probucol group, as shown in Figures 5 and 6.

Discussion

CIN is the third most commont cause of hospital-acquired 
acute renal failure and accounts for approximately 12% of 

Control Model NAC Probucol

SCr (umol/L)  21.4±3.51  22.9±4.34  20.0±3.64  23.2±4.89

BUN (mmol/L)  6.21±1.43  7.65±1.59  6.83±1.99  6.01±2.01

UPr (mg/24 h)  15.7±4.89  17.89±5.78  13.94±5.01  19.01±4.08

Table 1. Comparisons of baseline of SCr, BUN, and UPr for all groups.

SCr – serum creatinine; BUN – blood urea nitrogen; UPr – urine protein.

Figure 1.  Comparisons of SCr, BUN, and UPr for all groups. ## P<0.01, compared with the control group. * P<0.05, compared with the 
model group.
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SOD (U/mg protein)  468.9±23.4  375.1±32.4##  412.8±36.4*  401.5±41.2*

MDA (nmol/mg protein)  4.62±0.62  6.18±0.91##  5.59±1.22*  5.68±1.26*

Table 2. Comparisons of SOD and MDA for all groups.

## P<0.01 compared with the control group. * P<0.05, compared with the model group. SOD – superoxide dismutase; 
MDA – malondialdehyde; NAC – N-acetylcysteine.
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cases of hospital-acquired acute renal failure [13]. With the 
steady increase in the use of a variety of contrast-related tech-
nologies in recent years, CIN has received significant atten-
tion from clinicians.

The mechanism by which contrast agents cause CIN is com-
plex, and oxidative stress is an important factor [14]. After en-
tering the body, contrast agents directly or indirectly generate 
oxygen radicals through a variety of pathophysiological ef-
fects. First, calcium ions and adenosyl fragments mediate va-
soconstriction, which is directly involved in the generation of 
oxygen radicals. Second, the glomerular basement membrane 
and mesangial cells are damaged and leukocyte chemotaxis is 

enhanced, further leading to oxygen radical production. Third, 
the xanthine oxidase activity in renal tissue is increased, which 
also increases the production of oxygen radicals. In addition, 
iodine-containing contrast agents can also provide iodine at-
oms, which are directly involved in the generation of oxygen 
radicals. Oxygen radicals are thought to be the main mediator 
of the direct nephrotoxicity of contrast agents, and these mol-
ecules can cause toxic ischemia and immune-mediated tissue 
damage. In the present study, the model group showed signif-
icantly decreased SOD and significantly increased MDA levels 
after modeling, consistent with the findings of Duan et al. [15].

8-OHdG is produced as a result of ROS-induced DNA oxidative 
damage and is a commonly used marker of oxidative damage 
and DNA mutation [16]. Serdar et al. [17] previously showed 
that the urinary 8-OHdG levels of patients with diabetic ne-
phropathy were significantly higher than those of the control 
group, and this observation was closely related to the long-
term presence of oxidative stress in patients with diabetic ne-
phropathy. Some scholars have also proposed to use urinary 
8-OHdG as a marker of in vivo oxidative DNA damage [18].

Among patients with acute renal failure caused by contrast 
agent administration, only 57.2% of these patients achieve 
fully restored renal function, while 19.0% show partial alle-
viation, 23.8% experience irreversible kidney damage, and 
24.0% eventually develop end-stage renal disease [19]. The 

A B C D

Figure 2.  Pathological observations of kidney tissue in rats after modeling 24 h (PAS staining, ×200). (A) Control group; (B) model 
group; (C) NAC group; (D) probucol group.

A B C D

Figure 4.  Morphological changes in kidney under electron microscopy after modeling 24 h. (A) Control group; (B) model group; (C) NAC 
group; (D) probucol group.

Figure 3.  Tubular damage scores of rats after modeling 24 h. 
## P<0.01, compared with the control group .* P<0.05, 
compared with the model group.
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clinical prevention of CIN is generally based on adequate hy-
dration and antioxidant therapy [20]. N-acetylcysteine is the 
first tested antioxidant, considering also its double properties, 
as a free-radical scavenger, as well as being a drug able to in-
crease the vasodilating effect of NO [4]. Although the precise 
mechanism by which NAC protects against contrast agent-in-
duced renal damage currently remains controversial, there is 
no doubt that its function in anti-oxidative stress is an impor-
tant part of its protective mechanism. In particular, NAC can 
effectively reduce contrast agent-induced oxidative stress and 
protect the kidneys via multiple mechanisms, such as remov-
ing ROS, inducing the synthesis of glutathione (GSH), and sta-
bilizing NO [21]. In addition to NAC, other antioxidants, such 
as vitamin C [22], have also been shown to ameliorate CIN; 
therefore, the current study used NAC as a positive control 
drug for comparisons with probucol.

Probucol was originally used as a cholesterol-lowering drug, 
but it was later shown that this drug was effective at reduc-
ing urine protein levels. In addition, probucol was shown to 
possess anti-inflammatory, anti-fibrotic, and anti-oxidative ef-
fects [23,24] to delay the progress of early diabetic nephrop-
athy [23,25]. Jiang et al. [26] showed that probucol markedly 
increased the ROS production and inhibited lipoprotein lipid 
oxidation. Moreover, in a diabetic nephropathy model, probu-
col significantly reduced MDA levels, enhanced GSH-Px activi-
ty, and reduced glomerular pathological changes [15]. The cur-
rent study applied probucol to a rat model of CIN and found 
that it could effectively protect renal function, reduce 24-h 
urine protein levels, increase SOD levels in renal tissue, de-
crease MDA content, and reduce the proportion of 8-OHdG-
positive tubules, while also reducing the typical pathological 
changes associated with CIN, such as tubular epithelial vacu-
olar degeneration and brush border disintegration and shed-
ding and mitochondria swelling.

Conclusions

Probucol effectively reduced kidney damage caused by con-
trast agent administration, and the underlying mechanism may 
be associated with the accelerated recovery of renal function 
and renal pathological changes via the reduction of local re-
nal oxidative stress. Therefore, these results provide an exper-
imental basis for the use of probucol in the clinical prevention 
and treatment of CIN.
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A B C D

Figure 5.  Immunohistochemistry of 8-OHdG in rat kidney section after modeling 24 h (×200). (A) Control group; (B) model group; 
(C) NAC group; (D) probucol group.

Figure 6.  Ratio of 8-OHdG positive tubular with 
immunolocalization staining in rats after modeling. 
## P<0.01, compared with the control group; * P<0.05, 
** P<0.01, compared with the model group; & P<0.05, 
compared with the NAC group.
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