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Abstract: Introduction: To investigate the effect of the tadalafil in experimental renal I/R injury and to evaluate these 
changes with IMA (nonspesific early biomarker of ischemia), NO and MDA levels. Materials and methods: Twenty 
four female Wistar rats were randomly divided into 3 groups (n=8): Group I, sham; Group II, 60 min I/R; Group III, 
60 min I/R plus tadalafil. Tadalafil was administered via an orogastric tube (10 mg/kg) 24 h prior to the procedure. 
After ischemia of the left kidney and 1 h of reperfusion, blood samples were obtained, and the kidney was removed. 
Results: Statistically significant histopathologic changes were exist between groups, with the most severe injury was 
determined in group II in comparison to the others (X2=21,803, P=0.000). Also mean serum IMA levels were higher 
in group II, but not statistically significant (19.83±7.81 U/ml, 22.26±7.14 U/ml and 19.82±7.77 U/ml, P=0.613). 
In addition, NO values were lower in I/R groups (P=0.049). There were no differences among the groups in terms 
of MDA. Conclusions: IMA may be used as a nonselective biomarker for IR injury before the occurrence of necrosis. 
Decreased IMA levels may indicate the nephroprotective effect of tadalafil in renal IR injury.
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Introduction

Human serum albumin has the ability to bind 
heavy metals such as cobalt and nickel. 
Because of ischemia, subsequent production 
of reactive oxygen species disrupts its ability to 
bind cobalt to the N-terminal sequence of albu-
min and this new form is called ischemia-modi-
fied albumin (IMA) [1]. Increased IMA levels 
were described previously in patients with tran-
sient myocardial ischemia and it has been 
implicated in the detection of acute ischemia 
prior to necrosis [2]. IMA is a nonspecific bio-
marker of ischemia. In this regard, several stud-
ies have demonstrated the increased IMA lev-
els under ischemic conditions such as coronary 
artery disease, peripheral arterial disease, 
skeletal muscle ischemia, pulmonary embo-
lism, and stroke [3-5]. Several authors have 
also suggested that the generation of IMA 
results from contact with reactive oxygen spe-

cies (ROS) [6]. Furthermore, elevated baseline 
levels of ROS have been found in individuals 
with excessive chronic oxidative stress levels, 
including patients with end-stage renal disease, 
morbid obesity, diabetes mellitus or hypercho-
lesterolemia [7].

The phosphodiesterase type-5 (PDE5) inhibitor 
tadalafil has been widely used to treat erectile 
dysfunction as a result of its ability to inhibit the 
breakdown of cGMP, the second messenger of 
nitric oxide (NO). Ischemia reperfusion injury is 
associated with oxidative stress, which results 
from the imbalance between the production of 
reactive oxygen species (ROS) and antioxidants. 
Increasing levels of NO synthase protect against 
cellular injury depending on the formation of 
superoxide-related peroxynitrite [8]. Therefore, 
PDE5 inhibitors may also possess nephropro-
tective effects in renal I/R injury. Indeed, some 
studies have shown that PDE5 inhibitors can 
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exert beneficial effects in an I/R rat model, for 
example, in the myocardium [9], spinal cord 
[10], brain [11] and kidney [12, 13].

Our aim in the present study was to evaluate 
increases in serum IMA levels over time in an 
experimental rat model of renal ischemia-
reperfusion (I/R) injury. Additionally, we com-
pared the histopathological features and IMA 
levels after tadalafil administration to deter-
mine whether tadalafil had an effect on IMA lev-
els and whether it had a protective role in renal 
ischemia prior to necrosis.

Methods

Animals

Twenty four female Wistar albino rats with a 
median weight of 248 g (180-360 g) were main-
tained in conformity of the Guide for the Care 

and Use of Laboratory Animals. All experiments 
were performed in accordance with the guide-
lines for animal research from the National 
Institutes of Health and approved by the Adnan 
Menderes University Experimental Animals 
Ethics Committee. Before the procedure, the 
animals were given to standard rat food and 
water. The rats were kept at a constant tem-
perature with a 12-h period of light-dark expo-
sure. Also they were underwent an acclimation 
period of at least 2 weeks prior to surgery. The 
subjects were divided into 3 groups with 8 rats 
in each: Group I, sham control; Group II, 60 min 
I/R; Group III, 60 min I/R plus tadalafil.

Operative procedures

Preoperatively anesthesia was achieved by  
7.5 mg/kg intraperitoneal xylazine (Rhompun, 
Abdi Ibrahim, Istanbul, Turkey) and intramu- 
scular administration of 10 mg ⁄kg ketamine 
(Ketalar, Eczacibasi, Istanbul, Turkey). Tadalafil 
was administered via an orogastric tube (10 
mg/kg) 24 h prior to the procedure in group III. 
Under aseptic conditions, a 3-cm midline inci-
sion was performed. The renal pedicle was 
exposed, and a 3-ml blood sample was taken 
by cardiac puncture in the sham group. In the 
ischemic groups, the left renal pedicle was 
clamped with a bulldog using a 2.5× optical 
zoom (Figure 1). A 1-h reperfusion was per-
formed after one hour of renal ischemia. During 
reperfusion period, the incision was covered 
with sterile gauze pads at room temperature. 
After cardiac blood samples were obtained, the 
left kidneys were removed surgically prior to 
sacrifice. The kidneys were stored in 10% form-
aldehyde for histopathology. The animals were 
sacrificed by drawing the intracardiac blood fol-
lowed by decapitation.

Biochemical analysis

After collecting the blood samples, serum spec-
imens were centrifuged at 4000× r.p.m. for 5 
min. The supernatants were stored at -80°C in 
Eppendorf tubes until analysis. ELISA (Cusabio 
Biotech ELISA kit) was used for assessing  
the serum IMA levels. The results are reported 
as units/milliliter (U/ml). Nitric oxide (nitrite + 
nitrate) was assayed using a modification of the 
cadmium-reduction method [14]. The samples 
were analyzed spectrophotometrically using a 
microplate reader and quantified automatically 
against a KNO3 standard curve. The results 
were expressed as μmol/l.

Figure 1. After midline laparotomy and exposing the 
kidney the renal pedicle was clamped with a bulldog 
in the ischemic groups (groups II and III).

Figure 2. Mean IMA levels according to the groups. 
Higher IMA levels (22.26±7.14) were detected in 
group II.  Similar values were noted in group I and III 
(19.83±7.81 and 19.82±7.77). However, there were 
no significance in Kruskal-Wallis test (P=0.613).
(i60=60 minutes of ischemia/reperfusion, Ti60=60 
minutes of ischemia/reperfusion + Tadalafil).
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The MDA (malondialdehyde) production and, 
hence, lipid peroxidation were assessed in  
the tissues according to the method described 
by Ohkowa [15]. MDA forms a colored complex 
in the presence of thiobarbituric acid, which  
is detectable by measuring the absorbance  
at 532 nm. The absorbance was measured 
using a Shimadzu UV-160 spectrophotometer. 
Tetraethoxypropane was used as a standard, 
and the results are expressed as μmol/l.

Histopathology

The specimens were cut into 4-µm-thick serial 
sections after dehydrated, embedded in paraf-
fin blocks. Hematoxylin and eosin was used for 
section staining by a pathologist who was blind-
ed to group allocation. The results were scored 
according to tubule deterioration, cellular vacu-
olization, necrosis and interstitial inflamation: 
Gr 0, not damaged; Gr 1, <25%; Gr 2, 25-50%; 
and Gr 3, >50% [16].

Statistical analysis

The Kolmogorov-Smirnov test was used to eval-
uate whether the distribution of continuous 
variables was normal. Comparisons between 
two groups of non-normally distributed inde-
pendent variables were analyzed using the 
Mann-Whitney U-test. The Kruskal-Wallis test 
was used to compare three groups of indepen-
dent variables. Descriptive statistics are pre-
sented as the mean ± Std. deviation. The P val-
ues less than 0.05 were considered statistical-
ly significant.

Results

The mean serum IMA values were 19.83±7.81 
U/ml, 22.26±7.14 U/ml and 19.82±7.77 U/ml, 
in groups I, II and III, respectively (Figure 2). 
Higher levels were detected in group II, but  
in Kruskal-Wallis varians analysis there were  
no statistically significant difference between 
groups in terms of IMA (P=0.613).

for pairwise comparisons and did not show any 
significant difference between group II and III 
(M-W U=29, P=0.753). However, comparison of 
the mean serum MDA levels with Kruskal-Wallis 
test showed no significant difference between 
the groups (P=0.814). Also, no correlation was 
found between variables. The biochemical vari-
ables are provided in Table 1.

During the experiment, no change in color was 
observed macroscopically in group I. However, 
a dark blue to violet color was detected in 
groups II and III. Additionally, the renal pedicle 
was more distinct and dilated in the tadalafil 
group (Group III) using a 2.5× optical zoom. 
Based on our microscopic assessment, the  
histopathology scores were significantly higher 
in group II, in terms of ischemic damage 
(X2=21.803, P=0.000). Because of small sam-
ple size Monte Carlo method was used in chi 
square test. Severe tubular dilatation, tubular 
cell degeneration, necrosis and dilatation of 
Bowman’s capsule have been detected in 
group II. Whereas tubular dilatation and cell 
degeneration were minimal in group III (Figure 
3).

Discussion

Present study is the first in the literature that 
evaluating nephroprotective effect of tadalafil 
by IMA and showed that IMA may be a predic-
tive biomarker for ischemic renal injury. Declin- 
ing of IMA levels by tadalafil may also indicate  
a protective role of PDE5 inhibitors in renal I/R 
injury. Degree of ischemic renal injury depends 
on the duration of ischemia and to date there is 
no objective predictor biomarker for the irre-
versible renal injury.

The ischemia modified albumine (IMA) was 
approved as a biomarker for acute myocardial 
ischemia by FDA [17]. In the literature, several 
experimental studies have reported IMA levels 
under various ischemic conditions. A model of 
acute mesenteric ischemia in rabbits demon-

Table 1. Biochemical parameters of the groups
Group I
(Sham)

Group II
(60 min I/R)

Group III
(T+60 min I/R) P

Mean IMA (U/ml) 19.83±7.81 22.26±7.14 19.82±7.77 0.613
Mean MDA (µmol/l) 3.96±1.04 3.98±0.61 4.18±0.54 0.814
Mean NO (µM) 18.76±4.58 12.28±5.71 13.30±4.71 0.049

The mean serum NO levels were 
18.76±4.58 µM, 12.28±5.71 µM, 
13.30±4.71 µM respectively, and 
were significantly higher in the 
sham group (Groups I) compared 
to the other groups (Kruskal-
Wallis test, K-W=6.02, P=0.049). 
Mann-Whitney U test was used 
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strated that serum IMA levels were significantly 
higher after 3 and 6 h of ischemia compared  
to the control and sham groups [18]. Another 
study found that IMA levels were significantly 
higher in a 4-h testicular torsion group than  
the control groups [19]. The same researchers 
recently reported that IMA may be a valuable 
parameter in both the acute and the long-term 
period to estimate testicular injury in testicular 
torsion [20]. Increased IMA levels have also 
been observed in end-stage renal disease. In 
other supportive data, IMA levels have been 
strongly correlated with the levels of hemoglo-
bin, creatinine, and lactate in chronic renal dis-
ease. Therefore, researchers pointed out the 
potential value of IMA in chronic renal disease 
in their study [21]. Furthermore, it has been 
reported that post-dialysis IMA levels were ele-
vated as a result of the oxidative stress induced 
by the hemodialysis process [22]. Moreover, 
Koçan and colleagues proved the correlation of 
increased duration of ischemia and higher IMA 
levels in renal ischemia model. However reper-
fusion injury was not evaluated in their study 
[23].

It has been well known that NO has a key role in 
I/R injury pathogenesis [24]. To date, there is 
no data whether NO is associated with IMA  
levels in various ischemic conditions. In this 
regard, it is demonstrated that NO and IMA are 
positively correlated and higher in hypothyroid 
patients. The authors of that study claimed  
that these two oxidative stress markers may 
aid in clarifying hypothyroid pathogenesis and 
assessing the disease severity [25]. However, 
in the present study, we did not discover any 
correlation between IMA and NO. These contra-
dictory findings can be explained by two differ-
ent concentration-dependent effects of NO: at 
high levels, NO is converted into the highly reac-
tive oxidant peroxynitrite; at normal levels, NO 
may protect cells against DNA damage by stim-
ulating the up-regulation of the p53 gene [26].

There are some supportive data for the nephro-
protective effect of PDE5 inhibitors [27-29]. 
Recently published study designed an experi-
mental renal I/R injury model and found that 
tadalafil significantly improved kidney funct- 
ion and prevented adverse histological altera-

Figure 3. Hematoxylin-eosin staining of the 
kidney tissues. (H&E ×100). A: Sham group: 
normal kidney tissue. B: I/R group: severe 
tubular dilatation, tubular cell degeneration 
and necrosis are shown. C: I/R + Tadalafil 
group: mild tubular dilatation are seen.
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tions of the ischemic kidney [13]. In contrast, 
Guzeloglu and colleagues [27] demonstrated 
beneficial renal effects of tadalafil in an I/R  
rat model based on histopathology. In another 
study [28], pretreatment with tadalafil improved 
only preoperative renal function but not renal 
damage or kidney dysfunction. Similarly, pro-
tective effects of both tadalafil and sildenafil 
have been detected [29]. However, the same 
study showed that sildenafil provided a greater 
benefit for I/R injury in the rat compared to 
tadalafil.

After the first few minutes of reperfusion, free 
oxygen radicals are produced and aggravate 
the acute ischemic injury, leading to renal cells 
death. The nephroprotective mechanism of 
PDE5 inhibitors in I/R is not clear. However, it is 
hypothesized that the inhibition of PDE5, which 
is localized to the vasculature, mesangial cells, 
glomeruli, cortical tubules, and inner medullary 
collecting duct cells, may positively affect the 
renal hemodynamics by causing vasodilatation 
and activation of intrarenal vasoconstrictory 
systems that contribute to vascular congestion 
in the outer medulla as well as activation of 
tubuloglomerular feedback [13]. Previously it 
has shown that low intrarenal NO levels may be 
indicative of renal I/R injury [30]. In similar to 
this finding we demonstrated the lower NO lev-
els in I/R groups which was prominent in I/R 
alone group. In a supporting study reported a 
decreased eNOS expression in the vascular 
muscular layer after reperfusion, that may  
be the leading cause of low NO levels [31]. 
Furthermore an experimental model described 
by Choi and colleagues [32] showed that eNOS, 
which has a protective role in I/R injury, was 
upregulated following pretreatment with silde- 
nafil. In addition, they demonstrated that silde-
nafil significantly increased the levels of anti-
apoptotic protein Bcl-2 and decreased those of 
the proapoptotic protein Bax following I/R, sup-
porting the antiapoptotic effect of sildenafil in 
renal I/R injury.

The current study has some limitations such  
as the restricted duration of ischemia. A longer 
I/R period might have resulted in distinct 
adverse histopathological features. Further- 
more, tissue IMA, NO, MDA levels were not  
evaluated which was crucial to explain the 
nephroprotective mechanism of PDE5 inhibi-
tors. Finally, we observed a reduction of IMA 
levels in the tadalafil group in comparison to 

the I/R alone group which was not statistically 
significant due to small sample size.

Conclusion

Further studies are needed to confirm whether 
IMA serves as an early biomarker for renal I/R 
injury. However, the present study demonstrat-
ed that, the rising IMA levels might be useful for 
the prediction of necrosis. Furthermore, the 
ability of tadalafil to reduce IMA levels may be 
indicative of a protective role in renal ischemia 
prior to necrosis.
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