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LABORATORY STUDY

The first histopathological evidence of trimetazidine for the prevention
of contrast-induced nephropathy*

Cagdas Akglillii', Tevger Saruhan?, Ufuk Eryilmaz', Murat Boyacioglu®, Osman Alper Onbasili', ibrahim Meteoglu®,
and Cavit Kum?
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Turkey, >Department of Pharmacology and Toxicology, Faculty of Veterinary Medicine, Adnan Menderes University, Aydin, Turkey, and
“Department of Pathology, Medical Faculty, Adnan Menderes University, Aydin, Turkey

Abstract

Aim: We aimed to investigate the prophylactic effects of trimetazidine (TMZ) against contrast-
induced nephropathy (CIN) in rat kidneys. Methods and results: 28 Wistar rats were divided into
4 groups of 7 rats each (control (C), contrast media (CM) TMZ, trimetazidin + contrast media
groups (TMZ + CM). The administration of TMZ solution was done on d2, d3 and d4. Fifth day,
contrast media was administered at a single dose. On dé6 scarification was performed.
The oxidant/antioxidant parameters were measured and histopathological scores were
performed in kidney tissues. Most of the histopathological scores were significantly higher in
the CM group as compared to other groups. Moreover, the scores of the TMZ+CM and
C groups were not statistically different. CM group, had significantly higher levels of MDA
compared to the C and CM + TMZ groups (562.82 +38.15 vs. 419.15+49.01 and 507.34+14.16
01 nmol/mg protein respectively) (p <0.001). CM group had significantly lower levels of SOD as
compared to C, CM + TMZ and TMZ groups (p < 0.05). Conclusion: To the best of our knowledge,
this study for the first time, histopathologically demonstrated the effectiveness of TMZ for the
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prevention of CIN.

Introduction

Diagnostic and therapeutic coronary interventions have been
applied with a progressive procedural complexity as well as
radiologic examinations and interventions. Together with the
aging population, long procedural times and recurrent
administration of iodinated contrast media for different
purposes have led to an increase in the incidence of a
complication known as contrast-induced nephropathy (CIN).

CIN is defined as the deterioration of renal function with
an absolute increase in serum creatinine levels to >0.5 mg/d L
or a >25% relative increase in serum creatinine levels within
48-72h after exposure to contrast media. The final diagnosis
of CIN should be judged after the exclusion of other reasons
for renal impairment.’ Usually serum creatinine levels begin
to increase within 24-48h after the contrast exposure, peak
levels are seen at 3-5d and they return to the baseline values
at 7-10d. However, CIN may require dialysis, prolonged

*The abstract of this report was admitted as a poster presentation in ESC
2013.
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hospital stay and has the potential to cause permanent renal
damage. The incidence of CIN after the coronary angiography
is about 15% and estimated in hospital mortality is
about 25%.>”

The exact pathogenesis of CIN is controversial but several
mechanisms have been proposed. Renal vasoconstriction and
renal hemodynamic disturbances, increased levels of endothe-
lin, impaired nitric oxide production, endothelial dysfunction,
direct cellular toxicity due to relatively high tissue osmolality,
and reperfusion injury via free radical formation and oxida-
tive stress are the suggested mechanisms.* Regarding these
possible mechanisms, different pharmacological agents have
been evaluated for the prevention of CIN in many trials. Many
of them failed to show the benefit but hydration with isotonic
saline is generally accepted to be useful in preventing CIN.>®

A cellular anti-ischemic agent trimetazidine (TMZ) was
previously demonstrated to have useful effects during ische-
mia-reperfusion at the cellular and the mitochondrial levels.
In addition TMZ has strong antioxidant activity on various
tissue preparations.”® On the basis of these anti-ischemic and
antioxidant properties, Onbagili et al. previously demon-
strated TMZ to be effective in preventing CIN.’

Thus, we aimed to investigate the prophylactic effects
of TMZ against CIN and its relation to oxidant/antioxidant
status in rat kidney tissues in a contrast nephropathy induced
rat model.
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Materials and methods
Contrast medium

Low osmolar, non-ionic iohexol (Omnipaque 300, GE
Healthcare, UK) consisting of iodine 300mg mL ™!
(Omnipaque 300 contains 647 mg of iohexol equivalent to
300mg mL~'organic iodine) was used as CM.

Animals and experimental protocol

The study included 28 male Wistar rats aged 2-3-months
that weighed 224-252g. The rats were housed in a room
maintained at 22-25°C with a 12-h light/dark cycle (light
cycle began at 0700). The rats were divided into four groups of
seven rats each; control, CM, TMZ, and CM + TMZ groups.
The rats received standard rat chow and had free access to tap
water for 1 week. After 7 d of acclimation, the rats were housed
in individual metabolism cages to collect 24-h urine and to
record water intake (d 1). At the end of d 1, baseline blood
samples were collected from the tail vein under ether
anesthesia, and then analyzed for serum blood urea nitrogen
(BUN) and creatinine. In addition, 24-h urine samples were
collected. Blood samples were obtained and weight was
measured between 0800 and 0900 to minimize circadian
variation. Administration of TMZ solution was performed on d
2, d 3, and d 4. Aqueous solution of TMZ (10mgkg 'd™")
(Trimetazidine 20 mg, Servier) was administered via single
gavage in the morning to the rats in the TMZ and CM + TMZ
groups. The control group received 0.9% NaCl solution (IP)
(equal to the volume of TMZ solution administered to the TMZ
and CM + TMZ groups) instead of TMZ on d 2, d 3, and d 4.
All groups were deprived of water for 72 h during this process
and had unlimited access to standard rat chow.

On d 5 contrast media (Omnipaque 300mgImL ™', GE
Healthcare) was administered under ether anesthesia as a single
IV dose of 10 mL kg " into the tail vein over the course of 5 min
in the CM and CM + TMZ groups.'® On d 6 of the experiment,
24-h urine and serum samples were again collected.'' Final
blood samples were collected from the tail vein under ether
anesthesia. After scarification, the right kidneys were removed
and fixed in 10% formalin for histopathologic evaluation. The
left kidneys were dissected to measure superoxide dismutase
activity (SOD) and catalase (CAT) activity, and glutathione
(GSH) and malondialdehyde (MDA) levels.

The study protocol was approved by the University of
Adnan Menderes Animal Ethics Committee and all chemicals
were purchased from Sigma Chemical (Germany). The study
received partial support from the Adnan Menderes University
Scientific Research Projects Commission (TPF-09004). The
study followed the ethical rules of European Commission
guidelines for the animals.

Sample collection, analysis and definition of CIN

On d1 and at the end of the experiment urine samples and blood
samples were collected into tubes and analysis were done in the
same day. The serum creatinine concentration was measured
colorimetrically (Architect C-8000, Abbott, IL); CIN was
defined as an increase in the serum creatinine concentration of
0.5mgdL ™" or >25%, as compared to baseline.'* Creatinine
clearance was calculated according to Moller et al.'?
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Tissue MDA, CAT, GSH, and SOD measurement

At the end of the experiment the rats were sacrificed via
cervical dislocation; the dissected kidneys were immediately
rinsed in ice-cold phosphate-buffered saline. Tissues were
homogenized in 10% 150 mM phosphate buffer (pH 7.4) in
an ice bath using a stirrer (IKA overhead stirrer; Staufen,
Germany) at 2000 rpm for 1 min (1/10 w/v). The homogenate
was centrifuged (Niive-Bench Top Centrifuge, NF 800R,
Ankara, Turkey) at 6000 x g for 10min at 4°C. The
supernatant was frozen at —80°C (Glacier Ultralow
Temperature Freezer, NuAire Inc., Plymouth, MA) in aliquots
until used.

The total protein level in the supernatant was measured
spectrophotometrically (Shimadzu UV-1601, Kyoto, Japan)
using a commercially available kit (Archem Diagnostic Ind.
Co., Istanbul, Turkey); the results are expressed as nmol
mg ' of protein. Tissue homogenate was used to estimate
lipid peroxidation based on measurement of the formation of
thiobarbituric acid reactive substances (TBARS), according
to Yoshioka et al.'"* The concentration of MDA was
calculated spectrophotometrically and is expressed as nmol
mg ' of tissue protein.

CAT activity was measured based on the rate of H,O,
decomposition at 240nm."> CAT activity is expressed as
kmg ' of tissue protein. GSH was measured spectrophoto-
metrically according to Tietze; and are expressed as mgg '
of tissue protein.'® SOD was estimated based on the
generation of superoxide radicals produced by xanthine on
xanthine oxidase. SOD activity was measured then spectro-
photometrically and the results are shown as Umg ' of tissue
protein.!”

Renal histology

Renal tissue was weighed and homogenized under standard
conditions. For histopathological analysis, portions of right
kidney tissues were fixed in 10% neutral buffered formalin
and embedded in paraffin. Samples were cut to sections 4 pm
thick and stained with H&E (hematoxylin and eosin),
and then were examined microscopically. Between 2 and 6
longitudinally and transversally cut sections from each animal
were used for microscopic evaluation. Acute renal injury was
scored semi-quantitatively. In tubular degeneration (TD), the
cytoplasm of the proximal tubule epithelial cells at the outer
and at the level of the deep renal cortex, stained bodies of
various sizes and vacuolization containing acidophilus were
considered. Scoring of TD was performed like this: Absence
of TD refers to score 0; Mild TD that is defined as small and a
few focus TD in immediately beneath the capsule (0-10%)
refers to score 1; Moderate TD that is defined as few focal
focus TD along the tubular segment (10-25%) refers to score
2; Severe TD that is defined as diffuse and significant TD
along the tubular segment (25-50%) refers to score 3; and
very severe TD that is defined as diffuse, significant TD along
the tubuler segment (above 50%) refers to score 4.
Histopathological evaluation of kidney glomeruli, tubules,
interstitium, and arteries was performed by a pathologist
using the following scale: 0 =normal (0-5% involvement);
1 =mild (6-25% involvement); 2 =moderate (26-75%
involvement); 3 = severe (76-100% involvement).
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Statistical analysis

Biochemical parameters, kidney weight, and histopatho-
logical findings were checked for normal distribution using
the Shapiro—Wilk test and for homogeneity of variance using
Levene’s test. Data were compared between groups using
Kruskal-Wallis analysis of variance (ANOVA) or one-way
ANOVA, according to whether or not data were normally
distributed. Post hoc multiple comparisons were performed
using the Mann—Whitney U test with Bonferroni correction or
Duncan’s test. Serum creatinine, creatinine clearance, and
body weight were compared using the paired-sample ¢ test.
All analyses were performed using SPSS 14 for Windows.
The level of statistical significance was set a p <0.05. All data
are expressed as mean + standard error (SE).'®

Results
Serum creatinine and creatinine clearance

The serum creatinine and creatinine clearance levels in each
group are shown in Table 1. Creatinine clearance and the
serum creatinine level in the TMZ, CM + TMZ, and control
groups did not differ significantly between baseline and d5,
whereas in the CM group creatinine clearance was signifi-
cantly lower and the serum creatinine level was significantly
higher (p <0.05) (Table 1).

Body and tissue weights

Body weight was significantly lower in all 3 groups on d 3,
after the dehydration phase (p<0.05). At the end of the
experiment kidney weight did not significantly differ from the
other groups (p <0.05).

Tissue MDA, CAT, GSH, and SOD level

SOD and CAT activity, and GSH and MDA levels in the renal
tissue of the rats with CIN are given in Table 2. SOD activity

Table 1. Serum creatinine and creatinine clearance levels in each group.
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was significantly lower in the CM group than in the TMZ,
CM +TMZ, and control groups (p <0.05) (Table 2). There
were not any significant differences in SOD activity between
the TMZ, CM+TMZ, and control groups (p>0.05)
(Table 2). In the CM group the MDA level was significantly
higher than in the control group (p<0.001) (Table 2).
Moreover, the MDA level was higher in the CM group than in
the TMZ +CM group (562.82 +38.15nmolmg ™" of protein
vs. 507.34 +14.16 01 nmolmg ™" of protein), but the differ-
ence was not significant (p > 0.05) (Table 2). There were not
any significant differences in the MDA level between the
CM + TMZ and control groups (Table 2). The MDA level was
significantly lower in the TMZ group than in the other three
groups (p <0.001).

CAT activity did not differ significantly between all 4
groups (Table 2); however, CAT activity in the CM + TMZ
group was higher than that in the CM group
(0.71 +£0.22mg " of protein vs. 0.54+0.19kmg ™" of pro-
tein) (Table 2). In the TMZ group the GSH level was
significantly higher than in the other three groups (p <0.05).
There were not any significant differences in the GSH level
between the CM, CM + TMZ, and control groups (Table 2).

Histopathological results

Renal section of the CM group is shown in Figure 1 and the
histopathological scores of all groups are shown in Figure 2.
Glomerular sclerosis and interstitial fibrosis were not
observed in any of the groups. Expansion of Bowman’s
capsule, tubule epithelium degeneration, tubule epithelium
necrosis, and interstitial infiltration scores were significantly
higher in the CM group than in the other three groups
(Figure 2).

Moreover, tubule dilatation and vascular congestion scores
in the CM group were significantly higher than those in the
control group (Figure 2); however, tubule dilatation and

Serum creatinine (mg dL ™y

Creatinine clearance (mL min~")

Parameters

Days D1 D5 P D1 D5 P
Control (n=17) 0.400 (0.400-0.600) 0.400 (0.400-0.500) NS 1.32+0.38 1.16 £ 0.34 NS
CM (n=17) 0.500 (0.400-0.500) 0.600 (0.500-0.800) * 1.2+0.14 0.85+0.33 *
T™™Z (n=17) 0.500 (0.400-0.500) 0.500 (0.400-0.500) NS 0.53 +£0.07 0.54+0.05 NS
CM+TMZ (n=17) 0.500 (0.500-0.600) 0.500 (0.400-0.600) NS 0.5+0.06 0.49+0.07 NS

Notes: *p<0.05.
NS, not significant.

**Serum creatinine parameters are expressed as median (interquartile range).

Table 2. SOD and CAT activity, and GSH and MDA levels in all four groups.

Experimental groups

Parameters Control (n=17) CM (n=17) T™™Z (n=17) CM+TMZ (n=17) p
Renal tissue

SOD: Umg " of protein 3.73 £ 0.42° 2.54+0.26° 3.87 +£0.20° 3.72+0.37° i
CAT: kmg ! of protein 0.75+0.30 0.54+0.19 1.19+0.23 0.71+£0.22 NS
GSH: mgg~' of protein 0.50 +0.04° 0.39+£0.03° 0.79+0.18" 0.42+0.01° i
MDA: nmolmg ™" of protein 419.15 +49.01° 562.82 +38.15° 222.01 +19.77° 507.34 + 14.16*° sk

Notes: a, b, and c: Each letter indicates statistically significant differences in the same row.

*p <0.05. ¥*¥*%p <0.001; NS, not significant.



578 (. Akgiillii et al. Ren Fail, 2014; 36(4): 575-580

Figure 1. (a) Mild congestion (arrow) in the renal tubules image of control group (H&E, x200). (b) Expansion of Bowman’s capsule (arrowhead),
tubular dilatation and degeneration (arrows), and inflammation (asterisks) in renal tissue image of the contrast medium group (H&E, x200). (c) Mild
congestion (arrow) in renal tissue image of the TMZ group (H&E, x200). TMZ: Trimetazidine. (d) Congestion (long arrow) and mild dilatation in
tubular epithelium (small arrows) in renal tissue image of the TMZ + CM group (H&E, x400). TMZ + CM: Trimetazidine + Contrast medium.
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Figure 2. Histopathological findings in renal tissue. Expansion of Bowman’s capsule, tubule epithelium degeneration, tubule epithelium necrosis,
tubule dilatation, interstitial infiltration and vascular congestion scores for each group. a and b: Each letter indicates statistically significant differences
in the same row. **p <0.01, ***p <0.001.
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vascular congestion scores in the CM group did not differ
significantly from those in the CM 4+ TMZ group. In addition,
all other histopathological scores in the CM group were
significantly higher than those in the TMZ group, except
for the tubule dilatation score (Figure 2). Of note, none of
the histopathological scores differed significantly between the
CM + TMZ and control groups (Figure 2). Histopathological
scores in the TMZ and control groups did not differ
significantly (Figure 2).

Discussion

The most important finding of the present study is that the
incidence of CIN was significantly lower in the CM +TMZ
group; in addition, it was shown that the antioxidant
properties of TMZ might have been responsible. Moreover,
to the best of our knowledge the present study is the first to
histopathologically demonstrate the effectiveness of TMZ in
preventing CIN. Another finding of note in the present study
was the lack of significant difference in any histopathological
score between the CM + TMZ and control groups. In contrast,
all histopathological scores in the CM group were signifi-
cantly higher than those the control group. In addition, there
were significant differences in serious pathological findings,
including expansion of Bowman’s capsule, tubule epithelium
degeneration, tubule epithelium necrosis, and interstitial
infiltration between the CM and CM + TMZ groups.

The precise mechanism by which CIN occurs remains
unclear, though it is thought to be multifactorial. The direct
toxic effects of iodinated contrast agents in conjunction with
changes in renal hemodynamics facilitate renal damage.
Canine and rat models of CIN showed that use of CM
produces oxygen free radicals that are cytotoxic.'?
Additionally, these free radicals are thought to cause apop-
tosis in renal tubule and glomerular cells.” Sandhu et al.
reported earlier that the urinary MDA/creatinine ratio
increased following CM infusion and that there might be a
relationship between CM infusion and free radical gener-
ation.”® The present study’s findings are in agreement with
these data, as the MDA level significantly increased and SOD
activity significantly decreased after administration of CM
in the CM group, as compared to the control group. These
findings suggest that oxygen radicals play an important role
in this particular nephrotoxicity model. The observed increase
in the MDA level indicates that use of CM resulted in
oxidative stress in rat kidney tissues.

The literature includes many studies on various agents that
were tested in vitro and in vivo for the prevention of CIN and
the experimental models for the aggravation of CIN includes
water deprivation, as we used in our present study, or
induction hypercholesterolemic diet before exposure to
cM.223 However, the findings of most of the studies
are inconsistent, except for the positive effect of hydration
or hydration in combination with N-acetylcysteine (NAC) or
sodium bicarbonate before the procedure.”* Recently,
Onbasil1 et al. were the first to report that TMZ—a cellular
anti-ischemic agent—was effective in preventing CIN in
patients undergoing coronary procedures.” Moreover,
Rahman et al. confirmed those findings in a study that
included 400 patients undergoing coronary angiography;*’

The effect of trimetazidine on contrast-induced nephropathy in rats 579

however, neither study was able to identify the physiopatho-
logical mechanism of action or was designed to include
histopathological findings. As such, the present study aimed
to histopathologically analyze the effect of TMZ in preventing
CIN and to identify the probable biochemical mechanism of
action. Reports of the strong association between CIN and
oxygen free radicals led us to focus on the antioxidant
properties of TMZ. TMZ is a piperazine derivative that
inhibits 3-ketoacyl-CoA-thiolase. It reduces fatty acid oxida-
tion and stimulates glucose use. During hypoxia and ischemia
TMZ maintains cellular functions by decreasing cellular
acidosis and increasing ATP production.”®*” TMZ was shown
to have antioxidant properties.”®** Under ischemic conditions
TMZ reduces the loss of intracellular K* induced by oxygen
free radicals and protects cellular membrane.*® It was shown
that the plasma MDA level decreased in response to pre-
treatment with TMZ before coronary artery bypass surgery.>!
Another study reported that long-term administration of TMZ
significantly reduced superoxide anion generation and the
MDA level following ischemia-reperfusion.”?> The potent
antioxidant effect of TMZ has been shown in renal, myocar-
dial, and hepatic ischemia-reperfusion injury models.***

The CM group in the present study had significantly lower
SOD activity than the CM + TMZ group. The CM group also
had a higher MDA level than the CM +TMZ group, but the
difference was not significant. As compared to the CM group,
CAT activity and the GSH level were also higher (not
significantly) in the CM + TMZ group. Another noteworthy
finding of the present study is the lack of significant
difference in SOD and CAT activity, and MDA and GSH
levels between the CM+TMZ and control groups. These
findings together with the concordant histopathological
findings suggest that TMZ might play an important role in
preventing CIN, perhaps due to its antioxidant properties.
Nonetheless, some properties of TMZ other than its antioxi-
dant effect might have contributed to its effectiveness in
preventing CIN in the present study.

Conclusion

CIN is a serious complication associated with high rates
of morbidity and mortality. Administration of TMZ may help
prevent CIN and may reduce the need for hemodialysis and
extended hospitalization, and the incidence of permanently
impaired renal function.
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