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more, BUN, creatinine, MDA, total oxidant system and oxida-
tive stress index levels, AI as well as renal histopathological 
alteration were significantly decreased in the CM+GSPE 
group.  Conclusion:  For the first time in the literature, we 
showed that GSPE provided biochemical and histopatholog-
ical improvement in CIN. Our findings revealed that this im-
provement was associated with the decrease in oxidative 
damage and apoptosis.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 As the use of imaging methods increases, so does the 
frequency of contrast-induced nephropathy (CIN). CIN 
is defined as an otherwise unexplained impairment in 
renal functions 48–72 h after receiving iodine contrast 
agent. The European Society of Urogenital Radiology de-
fines impaired renal functions as a 25% or 0.5 mg/dl in-
crease in basal creatinine levels  [1] . The exact incidence 
of CIN is unknown, due to the fact that contrast imaging 
examinations are generally performed in outpatient set-
tings or that hospitalized patients are discharged 24 h af-
ter contrast imaging without biochemical analysis being 
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 Abstract 

  Aim:  Contrast-induced nephropathy (CIN) is a common 
cause of hospital-acquired acute renal failure. Although it is 
so common, there has been no approved therapy yet. We 
aimed to investigate the effect of grape seed   proanthocy-
anidin extract (GSPE) on preventing CIN.  Materials and 

Methods:  24 rats were divided into four groups as control 
group, GSPE group, contrast medium (CM) group, and 
CM+GSPE group. The experiment was discontinued on the 
ninth day. Blood samples were obtained for the measure-
ment of renal function parameters. Renal tissues of the rats 
were removed for the analysis of oxidative system parame-
ters. In addition to renal histopathology, transferase-mediat-
ed deoxyuridine triphosphate nick end labeling (TUNEL) was 
performed to determine apoptosis.  Results:  There was a sig-
nificant increase in BUN, creatinine, malondialdehyde (MDA) 
levels, apoptotic index   (AI)   and histopathological alteration 
in the CM group as compared to the control group. Further-
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performed. Although the pathogenesis of CIN has not 
been completely elucidated, direct tubular toxicity of 
contrast medium (CM), a decrease in renal blood flow, 
oxidative damage and apoptosis are the most commonly 
involved mechanisms in the pathogenesis  [2, 3] .

  Proanthocyanidins are polyphenolic antioxidants 
commonly found in vegetables, fruits and various flowers 
 [4] . In addition to lipid peroxidation, thrombocyte aggre-
gation and capillary permeability-reducing effects, they 
also have antibacterial, antiviral and anti-inflammatory 
characteristics. They exhibit these effects by modulating 
various enzymes, including cyclooxygenase and lipox-
ygenase  [4, 5] . Grape seed proanthocyanidin extract 
(GSPE) is derived from grape seeds. In vivo and in vitro 
studies have shown that GSPE has an antioxidant effect 
superior to those of vitamins C, E and  � -carotene  [6] . 
Moreover, cell culture studies have demonstrated its an-
ticarcinogenic effect, and various animal studies have 
shown its antiapoptotic effect  [4, 5] .

  In this study, we aimed to show the effect of GSPE on 
CIN, which has not been studied experimentally before. 
In order to demonstrate this effect, we investigated oxida-
tive changes, which play a role in the pathogenesis of CIN, 
by evaluating blood urea nitrogen (BUN) and creatinine 
levels, total oxidant system (TOS), total antioxidant sys-
tem (TAS), oxidative stress index (OSI) and malondial-
dehyde (MDA) levels. Renal histopathological examina-
tions were performed on renal tissue to show renal dam-
age, and transferase-mediated deoxyuridine triphosphate 
nick end labeling (TUNEL) was used to reveal apoptosis. 

  Materials and Methods 

 A total of 24 adult, 8- to 10-week-old female Sprague-Dawley 
rats weighing 200–250 g were used. The rats were kept in cages in 
a 12 h light and 12 h dark cycle at 22  8  2   °   C and were provided 
with food and water ad libitum. The study was approved by 
Karadeniz Technical University School of Medicine Animal Eth-
ics Committee. Experimental animals were cared for and used in 
accordance with the National Institute of Health Guide.

  Chemicals 
 GSPE (0.5 ml extract solution with 66.7 mg/g total phenolic 

substance and oligomeric proanthocyanidin ratio of 95% con-
taining 100 mg GSPE; Kale Natural Herbal Products Food, Cos-
metic & Agricultural Products Ltd, Edremit/Balikesir, Turkey), 
diatrizoate (Urografin �  50-ml flk/370 mg I/ml; Schering), ket-
amine (Ketalar �  500 mg injectable flk; Pfizer, Istanbul, Turkey), 
and xylazine (Rompun �  50-ml flk; Bayer, Istanbul, Turkey).

  Study Protocol 
 After 5 days of acclimatization, the 24 rats were randomly di-

vided into four groups of 6 animals each: control, GSPE, CM and 

CM+GSPE groups. The rats were weighed on the first day of the 
study. The rats in the groups were kept in separate cages and had 
free access to standard rat chow and water (except for the days of 
dehydration).

  The control and CM groups were given 1 cm 3  of 0.9% normal 
saline via gavage for 5 days, whereas the GSPE and CM+GSPE 
groups were given 100 mg/kg (1 cm 3 ) of GSPE via gavage for 5 
days (0.5 cm 3  of grape seed extract including 100 mg of GSPE, the 
final 1 cm 3  of solution being obtained by adding 0.9% normal 
saline). All rats were allowed chow and water ad libitum during 
this period. On the sixth day, the rats in the CM and CM+GSPE 
groups were left without water for 24 h. On the seventh day, 7 ml/
kg of diatrizoate (approx. 1.3 cm 3 ) was administered to the CM 
and CM+GSPE groups  [7] ,   while approximately   1.3 cm 3  of 0.9% 
saline was administered to the control and GSPE groups by slow 
infusion through the tail vein over 5 min. The rats were then fed 
via gavage for 2 more days. Rats in all groups were allowed chow 
and water ad libitum over these 2 days. On the ninth day, 48 h 
after CM administration, the rats were anesthetized with 90 mg/
kg of ketamine and 10 mg/kg of xylazine, and a midline incision 
was performed. Renal tissues were quickly removed. The rats 
were exsanguinated, and the experiment was terminated after 
obtaining 2 cm 3  intracardiac blood samples for biochemical 
analysis.

  Biochemical Analysis 
 BUN and creatinine measurements were performed using a 

Roche autoanalyzer (Modular System, GmbH, Mannheim, Ger-
many). Following decapsulation of the kidneys, longitudinal dis-
section was performed. Half the tissue samples were stored at 
–80   °   C until MDA, TAS, TOS and OSI measurement. At time of 
analysis, rat kidney tissues were weighed and homogenized in an 
ice-cold 1.15% KCl solution containing 0.50 ml/Triton X-100 us-
ing an UltraTurrax T18 basic homogenizer (IKA Inc., Wilming-
ton, N.C., USA). The homogenate was centrifuged at 4,000 rpm 
for 5 min at 4   °   C, and supernatant was used for the determination 
of MDA, TAS and TOS levels.

  Tissue MDA levels were assigned according to the method de-
scribed by Uchiyama and Mihara  [8] . Tetramethoxypropane was 
used as a standard, and tissue MDA levels are given as nmol/g wet 
tissue.

  Tissue TAS, TOS and OSI levels were assayed as described pre-
viously  [9]  using commercial assay kits (Rel Assay Diagnostics, 
Gaziantep, Turkey; product Nos. RL0017 and RL0024, respective-
ly). Tissue TAS levels are given as  � mol Trolox equivalents (EQ)/g 
wet tissue and TOS levels as  � mol H 2 O 2  EQ/g wet tissue. OSI val-
ues were calculated using the formula [(TOS,  � mol H 2 O 2  EQ/g 
wet tissue)/(TAS,  � mol Trolox EQ/g wet tissue)]  !  100.

  Histopathological Evaluation 
 The other halves of the decapsulated kidneys were used for 

pathological examination. Specimens were fixed in 10% formalin 
solution. For light microscopy, they were dehydrated using 70 and 
100% alcohol solutions, processed in an Autotechnicon and em-
bedded in paraffin. Sections 4  � m thick were cut using a micro-
tome and stained with hematoxylin and eosin (HE). Stained spec-
imens were assessed by a pathologist in a blinded fashion   using an 
Olympus BX50 (Japan) light microscope. The specimens were 
scored according to the presence of tubular necrosis and atrophy,  
 cytoplasmic vacuoles,   glomerular injury, vascular congestion   and 
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thrombosis and   interstitial infiltration.   The following scoring 
system was used for the histopathological evaluation of tissues 
under light microscopy: 0 = normal kidney, 1 = minimal injury 
(0–5%), 2 = moderate injury (5–25%), 3 = intermediate injury (25–
75%), and 4 = severe injury   (75–100%)  [7] .

  TUNEL Method  
 To label apoptotic cells, tissue samples were fixed in formalin 

and embedded in paraffin; 4- � m-thick serial sections were then 
prepared from the tissue samples. A standard terminal deoxy-
nucleotidyl transferase (TdT) deoxyuridine TUNEL assay tech-
nique was used to detect the fragmented DNA associated with 
apoptosis. TUNEL staining of sections was performed using an 
In Situ Cell Death Detection Kit AP (Roche, Mannheim, Germa-
ny) in accordance with the manufacturer’s instructions, and the 
sections were then examined under light microscopy. After stan-
dard deparaffinization, the sections were hydrated and immersed 
in a solution of 3% hydrogen peroxidase for endogenous peroxi-
dase blocking. The sections were incubated in a humidified cham-
ber with the TUNEL reaction mixture. Color was then developed 
with diaminobenzidine tetrahydrochloride (Sigma, St. Louis, 
Mo., USA), and the sections were counterstained with Harris he-
matoxylin. For the negative controls, the sections were processed 
in a TdT enzyme-free solution. The TUNEL staining cells ap-
peared brown, and the nuclei of the other cells appeared blue. The 
stained sections were examined under a light microscope at  ! 400 
magnification. One hundred cells were counted in five micro-
scopic fields per tissue slide. The percentage of TUNEL-positive 
apoptotic cells was measured, representing the apoptotic index 
(AI).

  Statistical Analysis 
 Statistical analysis was performed using SPSS 13.0. The results 

were expressed as mean  8  SD. Groups were examined for normal 
distribution. Kruskal-Wallis variance analysis and Mann-Whit-
ney U test were used for the comparison of BUN, creatinine, 
MDA, TOS, TAS, OSI, renal pathological findings and AI. p val-
ues  ! 0.05 were considered statistically significant.

  Results 

 Effect of GSPE on Biochemical Parameters 
 BUN and creatinine levels were significantly elevated 

in the CM group compared to the control group (p = 
0.006 and p = 0.010, respectively) ( fig. 1 ). However, this 
elevation decreased significantly in the CM+GSPE group 
(p = 0.016 for BUN and p = 0.004 for creatinine). On the 
other hand, no significant difference was observed be-
tween the CM+GSPE and control groups in terms of BUN 
and creatinine levels (p = 0.873 and p = 0.686, respec-
tively).

  Effect of GSPE on Oxidative Parameters 
 As shown in  figure 2 , there was no significant differ-

ence between the GSPE group and control group in terms 
of TAS, TOS, OSI and MDA levels. The MDA level sig-
nificantly increased in the CM group compared to the 
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  Fig. 1.  Comparison of the effect of GSPE on serum BUN and creatinine levels. BUN and creatinine levels sig-
nificantly increased in the CM group compared with the control group, and significantly decreased in the 
CM+GSPE group compared with the CM group. Values are expressed as mean  8  SD.  
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control group (p = 0.004), however there was no signifi-
cant difference between these two groups in terms of TAS 
and OSI indexes (p = 0.199 and p = 0.109, respectively). 
Although TOS levels increased in the CM group com-
pared to the control group, the difference was not statisti-
cally significant (p = 0.054). Moreover, when the CM 
group was compared with the GSPE group, MDA and 
TOS levels were significantly higher in the CM group
(p = 0.004 and p = 0.016, respectively). However, there was 
no significant difference between these groups in terms 
of TAS and OSI indexes. When the CM+GSPE group was 
compared with the CM group, MDA, TOS and OSI levels 

were significantly lower in the CM+GSPE group (p = 
0.041, p = 0.037 and p = 0.025, respectively). Although the 
TAS level in the CM+GSPE group was higher compared 
to the CM group, the difference was not statistically sig-
nificant (0.054). The MDA level of the CM+GSPE group 
decreased, but no significant difference was observed 
compared with the control group (p = 0.423).

  Effect of GSPE on Renal Histopathology and
Apoptotic Index 
 No   pathological findings were noted in renal samples 

from the GSPE and control groups. Extensive vascular 
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congestion, tubular vacuoles, interstitial infiltration, 
perivascular edema, hyaline cast, focal necrosis and tu-
bular desquamation were observed in the CM group re-
nal tubular cells ( fig. 3 ,  4 ). Mild perivascular edema, vas-
cular congestion and tubular vacuoles were noted in renal 

tubular epithelial cells of the CM+GSPE group ( fig.  3 ). 
These histopathological findings were then scored. Of 
the rats in the CM group, 3 had grade 2 renal injury, 2 had 
grade 1 injury, and 1 rat had grade 0 injury; in the 
CM+GSPE group, however, 2 rats had grade 1 renal in-
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  Fig. 3.   a  Control.  b  GSPE. No pathological 
findings were noted in renal samples from 
the GSPE and control groups. Kidney with 
normal appearance (HE,                  ! 200).  c  CM. 
Extensive vascular congestion, tubular 
vacuoles, interstitial infiltration, perivas-
cular edema, hyaline cast and tubular des-
quamation noted in renal proximal tubu-
lar cells. Glomeruli are intact (HE,  ! 200). 
Arrow 1: vascular congestion; arrow 2: in-
terstitial infiltration; arrow 3: perivascular 
edema; arrow 4: tubular vacuoles and des-
quamation.  d  CM. Arrow 5: hyaline cast.
 e  CM+GSPE. Mild perivascular edema, 
vascular congestion and tubular vacuoles 
are noted in renal proximal tubular epi-
thelial cells (HE,  ! 200). Arrow 1: perivas-
cular edema; arrow 2: vascular congestion; 
arrow 3: tubular vacuoles. 
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  Fig. 4.  CM group.  a  Arrows 1–3: extensive 
desquamation and focal necrosis noted in 
renal tubular cells (outer medulla); arrows 
4, 5: impaired integrity and desquamation 
noted in in renal tubular cells (outer me-
dulla) (HE,                    ! 400).  b  Arrow 6: interstitial 
infiltration (HE,  ! 400).  c  Arrow 7: hya-
line cast (HE,    ! 200).  d  Arrow 8: medul-
lary congestion (HE,  ! 200). 
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jury and 4 had grade 0 injury. No renal histopathological 
alteration was present in the control or GSPE groups. 
When the CM group was compared with the control 
group, the renal histopathological alteration was signifi-
cant (p = 0.007;  fig. 5 ). Renal injury was significantly im-
proved in the CM+GSPE group compared to the CM 
group (p = 0.041). No significant difference was deter-
mined between CM+GSPE group and the control group 
in terms of histopathological alteration (p = 0.138;  fig. 5 ).  
 AI was the highest in the CM group ( fig. 6 ). The p value 
obtained from comparison between the CM and control 
groups was 0.004. AI decreased in the CM+GSPE group 
compared with the CM group (p = 0.004) ( fig. 5 ).

  Discussion 

 CIN has become a common iatrogenic condition due 
to the increased use of imaging methods. Nonetheless, 
despite its high prevalence, there is still no effective and 
widely accepted agent used in its treatment. Studies on 
preventive measures have therefore increased in impor-
tance.

  Although the underlying cellular mechanism of CIN 
is not well understood, a direct toxic effect of CM on the 

tubular cells and/or a decrease in renal blood flow are the 
most frequently encountered mechanisms  [2] . Following 
CM administration, rapid and short-term vasodilatation 
occurs first, followed by prolonged vasoconstriction  [10] . 
Therefore, various blood flow-increasing agents were 
clinically tested to prevent CIN; however, most of these 
have been reported to be ineffective  [2] . In the experi-
mental and/or clinical studies, caffeic acid phenyl ester 
(CAPE), N-acetylcysteine (NAC) and ascorbic acid have 
been reported to have positive effects in preventing CIN 
 [7, 11–14] . For this purpose, oxidative stress, rather than 
decrease in renal blood flow, is considered to play an im-
portant role in CIN development  [2] . We measured the 
TOS, TAS and MDA levels in the CM group for the eval-
uation of oxidative stress status. A significant elevation 
was determined in MDA levels. We measured TOS and 
TAS levels to determine whether this elevation resulted 
from the activation of the oxidative system or a decline in 
the antioxidant system and observed an elevation in TOS 
levels, although not a significant one. Another mecha-
nism held responsible in the pathogenesis of CIN is apop-
tosis. Several studies have shown that apoptosis increases 
in CIN through the intrinsic mitochondrial apoptotic 
pathway  [15, 16] . There was a particular increase in AI in 
the distal tubules in our study. We therefore concluded 
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that an increase in the oxidative system and apoptosis 
were the cause of elevation in BUN and creatinine levels 
and of renal histopathological alteration. 

  No medication of proven efficacy in the treatment of 
CIN is currently available. In the light of its prevalence, 
studies regarding the prevention of CIN have therefore 
continued. Accepted preventive measures include identi-
fication of patients at high risk for CIN, discontinuation 
of potentially nephrotoxic medications 24 h before CM 
administration, adequate hydration with 0.9% saline or 
1.4% Na HCO 3 , and reducing the osmolarity and volume 
of CM. As studies on the preventive effects of prophylac-
tic hemodialysis, calcium channel blocker, dopamine, 
atrial natriuretic peptide, fenoldopam, prostaglandin E 1 , 
endothelin receptor antagonists, and ascorbic acid have 
produced contradictory results, these are not considered 
as preventive treatment modalities in CIN  [2, 13, 14, 17–
19] . Despite the contradictory results regarding the use of 
NAC in the prophylaxis of CIN, a previous review includ-
ing a meta-analysis of eight studies reported that using 
NAC at a dose of 2  !  600 mg 1 day before, on the day of, 
and 1 day after CM administration led to a decrease in 
the rate of CIN  [20] . Moreover, one recent study reported 
that 2  !  1,200 mg of NAC is more effective than 2  !  600 
mg  [21] . However, 2,308 patients undergoing an intravas-
cular angiographic procedure and with at least one risk 
factor for CMN (age  1 70 years, renal failure, diabetes 

mellitus, heart failure or hypotension) were included in 
the 2011 Acetylcysteine for Contrast-Induced Nephropa-
thy Trial (ACT). That study compared acetylcysteine and 
placebo and determined no difference between the two 
groups in terms of preventing CIN  [22] . Applying intra-
venous hydration, one of the accepted prophylactic mo-
dalities in CIN, can be troublesome in patients who re-
quire volume restriction because of diseases such as heart 
failure and cirrhosis. We therefore evaluated the efficacy 
of GSPE in preventing CIN, the antioxidant effect of 
which has been proven in experimental studies, but its 
efficacy in preventing CIN has not been investigated to 
date.

  GSPE is a combination of biologically active polyphe-
nolic flavonoids including oligomeric proanthocyanidin 
 [4] . Vasodilator, anticarcinogenic, antiallergic, anti-in-
flammatory, antibacterial, cardioprotective, immuno-
modulator, and antiviral characteristics of GSPE have 
been shown in various experimental studies in addition 
to its reactive oxygen species scavenging and antioxidant 
features  [4, 5] . Its organ-specific protective effect has been 
shown in acetaminophen-induced hepatotoxicity, amio-
darone-induced pulmonary toxicity, doxorubicin-in-
duced cardiotoxicity  [23] , cisplatin-induced hepatotoxic-
ity, cardiotoxicity, and renal toxicity  [24] . The effect of  
 GSPE in preventing renal damage has not been studied 
extensively, nor has its preventive effect on CMN ever 
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  Fig. 6.  Effect of GSPE on AI (outer medul-
la):  a  control,  b  GSPE,  c  CM, and
 d  CM+GSPE. Apoptosis in tubular cells 
(especially distal tubular cells) significant-
ly increased in the CM group and apopto-
sis in tubular cells significantly decreased 
in the CM+GSPE group (TUNEL                  ! 200). 
Arrow: brown nuclei of apoptotic cells. 
Color in the color version only.               
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been evaluated. In the literature, studies conducted on 
the effect of   GSPE in preventing renal injury are limited 
to its effect on preventing cisplatin-induced nephrotoxic-
ity, gentamycin-induced nephrotoxicity, and ischemia-
reperfusion renal injury. In the study evaluating the ef-
fects of GSPE on preventing cisplatin-induced nephro-
toxicity, it was reported that GSPE use decreased the 
cisplatin-induced nephrotoxicity by increasing antioxi-
dant enzymes  [25] . The protective and oxidative stress-
reducing effects of GSPE were also demonstrated in the 
study investigating the protective effect of GSPE on renal 
ischemia-reperfusion injury  [26] . In the study evaluating 
the preventive effect of GSPE on gentamycin-induced 
nephrotoxicity, biochemical and histopathological im-
provement was reported, however the effect of GSPE on 
the oxidative system was not evaluated  [27] . No studies 
have evaluated the apoptotic effect of GSPE in renal tis-
sue, though there are studies analyzing its apoptotic ef-
fect in preventing liver and heart injury  [28, 29] . Efrati et 
al.  [30]  evaluated the effects of NAC, theophylline and 
bicarbonate on preventing CIN and reported that the ox-
idative system was activated, however these medications 
caused no change in this system. A study evaluating the 
protective effect of CAPE and NAC in CIN has shown 
that antioxidant molecules decrease the MDA level and 
increase the catalase level  [7] . 

  For the first time in the literature, we observed the 
protective effect of GSPE in CIN development by means 
of administering 100 mg/kg GSPE via gavage 7 days be-
fore and 2 days after 7 ml/kg intravenous administration 
of diatrizoate. In the CM+GSPE group, the change in 
BUN and creatinine levels and renal histopathological 
findings regressed to such a point similar to that in the 
control group. According to the pathogenesis of the dam-
age, no change was observed in TOS, TAS and MDA lev-
els in the GSPE group. On the other hand, the MDA level 
was significantly increased in the CM group, whereas the 
increase in TOS level was not statistically significant. 
TOS and MDA levels were significantly higher in the CM 
group than those in the GSPE group. While MDA, TOS 
and OSI levels were significantly lower in the CM+GSPE 
group compared to the CM group, the TAS level was in-
creased, but not statistically significantly. In addition, 
while there was a rise in AI in the CM group, that increase 
contracted significantly in the CM+GSPE group. Based 
on these results, we concluded that GSPE provided a 
renoprotective effect by reducing oxidative damage and 
apoptosis.

  There are a number of limitations to this evaluation of 
the efficacy of GSPE in preventing CIN nephropathy. 

First is the fact that this is an experimental study and 
there are no studies evaluating the efficacy in preventing 
CIN in humans. However, clinical studies have shown 
that GSPE ameliorates symptoms in patients with chron-
ic pancreatitis  [31] , and another clinical study showed 
that it has a positive impact on lipid profile in hyperlipid-
emic patients  [32] . Another limitation is that GSPE was 
started approximately 1 week before exposure to CM. 
This situation also appears in studies evaluating the ef-
ficacy of GSPE in preventing other experimental organ 
toxicities. On the basis of the few clinical studies avail-
able, we think that it can also be effective in preventing 
CIN when given simultaneously with CM exposure. 
However, this needs to be supported, primarily by ex-
perimental studies. Clinical studies supporting our work 
on this subject are needed. 

  In conclusion, this study is the first in the literature to 
demonstrate that GSPE prevents CIN development by re-
ducing BUN, creatinine levels and renal histopathologi-
cal alteration. Moreover, we showed that GSPE exhibits 
this effect by reducing oxidative injury and apoptosis. 
Further comprehensive and detailed experimental and 
clinical studies are needed to investigate the preventive 
effect of GSPE in CIN.
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