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Abstract:

There is increasing evidence to suggest that toxic oxygen radicals play a role in the pathogenesis of ischemia/reperfusion (I/R) injury

in the kidney. This study was designed to investigate the effects of catechin, a bioflavonoid, in I/R-induced renal failure in rats. The

protective effect of catechin against the damage inflicted by reactive oxygen species (ROS) during renal I/R was investigated in

Sprague Dawley rats using histopathological and biochemical parameters. In one set of experiments, animals were unilaterally

nephrectomized, and subjected to 45 min of left renal pedicle occlusion, and in another set both the renal pedicles were occluded for

45 min followed by 24 h of reperfusion. Catechin (40 mg/kg, po) was administered twice daily for 4 days and 2 h prior to ischemia.

At the end of the reperfusion period, rats were sacrificed. Thiobarbituric acid reactive substances (TBARS), reduced glutathione

levels, glutathione reductase, catalase, and superoxide dismutase activities were determined in renal tissue. Serum creatinine and

blood urea nitrogen concentrations were measured for the evaluation of renal function. Ischemic control animals demonstrated

severe deterioration of renal function, renal morphology and a significant renal oxidative stress. Pretreatment of animals with

catechin markedly attenuated renal dysfunction, morphological alterations, reduced elevated TBARS levels and restored the

depleted renal antioxidant enzymes. The findings imply that ROS play a causal role in I/R-induced renal injury, and catechin exerts

renoprotective effects probably by the radical scavenging and antioxidant activities.
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Introduction

Renal ischemia is a consequence of arterial occlusion,

shock and organ transplantation and is a common

cause of renal cell death, renal failure, delayed graft

function [2, 32] and renal graft rejection [3, 11].

Ischemia/reperfusion (I/R) of an organ or tissue re-

sults in cellular injury triggering a complex series of

biochemical events, which affect the structure and

function of virtually every organelle and subcellular

system of the affected cells. I/R injury sets into mo-

tion many cellular events influencing cellular compo-

nents in the affected tissue [16]. Free radical-mediated

cellular damage can be expected to occur when the

oxygen is supplied to the tissue by reperfusion and the

oxygen radical formation exceeds the high cellular
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detoxification capacity of the kidneys. A number of

processes have been implicated in the pathogenesis of

oxygen deprivation-induced cell injury [8]. These in-

clude disturbances of cell calcium metabolism, dis-

ruption of the generation of free radicals, activation of

phospholipases with production of toxic lipid metabo-

lites, and loss of cell volume and monovalent cation

homeostasis. Thus, the mechanisms underlying I/R

damage to kidneys are most likely multifactorial and

interdependent, involving hypoxia, inflammatory re-

sponses and free radical-induced damage [40]. A bet-

ter understanding of the cellular and molecular

mechanisms of the injury may enable us to improve

therapy. Free radical ablation for the treatment of

reperfusion injury has found its first clinical applica-

tion in the prevention of post-ischemic renal failure

after renal transplantation [35]. Thus, agents proposed

to be useful in the clinical setting of renal I/R damage

include free radical scavengers [6].

Many studies have shown the protective effects of

antioxidants in I/R injury in the heart, the liver, the in-

testine and the kidney, suggesting an important role of

reactive oxygen species (ROS) in pathogenesis [21].

Flavonoids are a group of naturally occurring poly-

phenolic compounds ubiquitously found in fruits and

vegetables. They have a broad scale of biological ef-

fects and their antineoplastic [25], antimutagenic [9],

antiinflammatory [29], antidiabetic [31], antihista-

minic [41] and other effects have been described. Fla-

vonoids may exert antioxidant effects as free radical

scavengers, hydrogen-donating compounds, singlet

oxygen quenchers and metal ion chelators [33]. Cer-

tain flavonoids or compounds with flavonoid-like

properties have been shown to possess antiulcer activ-

ity and were able to prevent gastric mucosal lesions

produced by various ulcer-producing methods [1, 24,

26]. Catechin (Cat), a flavonoid from the group of

Cats, such as (–)-epicatechin, (–)-epigallocatechin,

(–)-epicatechingallate, (–)-epigallocatechingallate, and

(+)-gallocatechin, is known to be present in green tea,

black tea and other plant foods [17]. Both epidemiol-

ogical and in vitro studies suggest that Cats have

beneficial effects on human health, serving to protect

against congestive heart failure and cancer due to

their antioxidative activity [20, 42].

The present study was, therefore, designed to look

at the effect of Cat in I/R-induced oxidative stress in

the kidney of rats.

Materials and Methods

Animals

Male Sprague-Dawley rats (150–200 g), 10 weeks

old, bred in the central animal house of Panjab Uni-

versity (Chandigarh, India) were used. The animals

were housed under standard conditions of light and

dark cycle with free access to food and water. The ex-

perimental protocols were approved by the Institu-

tional Animal Ethics Committee of Panjab University,

Chandigarh, India.

Catechin treatment

Cat (Sigma, USA) was dissolved in physiological sa-

line and was administered orally (po), twice daily for

4 days and 2 h prior to I/R on 5th day. In pilot studies,

dose ranges from 20 to 100 mg were tested, and the

dose of 40 mg was found to be most effective in pre-

servation of renal function following I/R; therefore,

this dose was used in this study.

Experimental protocols

The rats were anesthetized with thiopental sodium (40

mg kg–1, ip). The abdominal region was shaved with a

safety razor and sterilized with povidone iodine solu-

tion. A midline incision was made and both the kid-

neys were isolated. Renal ischemia was instituted by

using two different sets of protocols. In one, both the

renal pedicles were occluded, whereas, in the other,

only left renal pedicle was occluded after right

nephrectomy. Ischemia lasted 45 min and was fol-

lowed by reperfusion for 24 h. After the surgical pro-

cedures the midline incision was sutured back with

the local applications of povidone and neosporin. The

animals were allowed to recover from anesthesia.

A total of 70 rats were divided into ten groups each

consisting of 7 animals. The sham group (Group I,

Sham) animals underwent the exposure of both renal

pedicles, but did not receive any I/R. The animals in

nephrectomized (Np) sham group (Group II, Np

Sham) underwent the right nephrectomy, but the left

renal pedicle was not occluded. I/R control group

(Group III, I/R) animals received 45 min of bilateral

ischemia followed by 24 h of reperfusion. Np I/R con-

trol group (Group IV, Np + I/R) animals underwent

right nephrectomy and after 10 min of stabilization,
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45 min of left renal ischemia followed by 24 h reper-

fusion. Cat-treated ischemic group (Group V, Cat

+ I/R) animals were treated in the same way as the

group III, except that prior to ischemia they were ad-

ministered Cat. Cat-treated Np ischemic group

(Group VI, Cat + Np + I/R) animals were treated

with Cat prior to ischemia and the rest of the protocol

was the same as in group IV.

At the end of reperfusion period, the blood and

urine samples were collected and used for the meas-

urement of renal function. The abdomen was re-

opened and bilateral nephrectomies were carried out;

the left kidney was used for further enzymatic analy-

sis, whereas the right kidney was stored in 10% for-

malin for histological examination. Additional groups

were employed for harvesting the left kidneys for his-

tological analysis in Np animals.

Assessment of renal function

Serum samples were assayed for blood urea nitrogen

(BUN) and serum creatinine by using standard di-

agnostic kits (Span Diagnostics, Gujarat, India).

Post mitochondrial supernatant (PMS)

preparation

After sacrificing the animals, their kidneys were

quickly removed, perfused immediately with ice-cold

physiological saline and homogenized in chilled po-

tassium chloride (1.17%) using a Potter Elvehjem ho-

mogenizer. The homogenate was differentially centri-

fuged to obtain PMS, which was used for further en-

zymatic analysis.

Estimation of lipid peroxidation

Malondialdehyde (MDA), a measure of lipid per-

oxidation, was assayed in the form of thiobarbituric

acid reacting substance (TBARS) [30]. In brief, the

reaction mixture consisted of 0.2 ml of PMS, 0.2 ml

of 8.1% sodium lauryl sulfate, 1.5 ml of 20% acetic

acid (pH 3.5) and 1.5 ml of 0.8% aqueous solution of

thiobarbituric acid. The mixture was brought up to 4.0 ml

with distilled water and heated at 95°C for 60 min.

After cooling with tap water, 1.0 ml of distilled water

and 5.0 ml of the mixture of n-butanol and pyridine

(15:1 v/v) was added and centrifuged. The organic

layer was taken out and its absorbance was measured

at 532 nm. TBARS were quantified using an extinc-

tion coefficient of 1.56 × 105 M–1/cm–1 and expressed

as nmol of TBARS per milligram of protein. Tissue

protein was estimated using biuret method [39] and

the renal MDA content was expressed as nanomoles

of MDA per milligram of protein.

Estimation of antioxidant enzymes (AOE)

The AOE were estimated by the well-established pro-

cedures already published elsewhere [36]. The re-

duced glutathione (GSH) was measured by the

method of Jollow et al. [22] and the yellow color de-

veloped by the reduction of Ellman’s reagent by –SH

groups of GSH was read at 412 nm. The glutathione

reductase (GR) activity was measured by the NADPH

oxidation method of Mohandas et al. [27]. The cata-

lase (CAT) activity was assayed by the method of

Claiborne [15] and the rate of decomposition of H2O2

was followed at 240 nm. The superoxide dismutase

(SOD) activity was assessed by the method of Kono

[23]. The nitro blue tetrazolium (NBT) reduction by

superoxide anion to blue formazan was followed at

560 nm.

Renal histology

The kidneys fixed in a 10% neutral buffered formalin

solution were embedded in paraffin and were used for

histopathological examination. Five-micrometer thick

sections were cut, deparaffinized, hydrated and stained

with hematoxylin and eosin. The renal sections from

all treatments were examined in blind fashion for tu-

bular cell swelling, cellular vacuolization, pyknotic

nuclei, medullary congestion and moderate to severe

necrosis. A minimum of 10 fields for each kidney

slide were examined and assessed for severity of

changes using scores on a scale of none (–), mild (+),

moderate (++) and severe (+++) damage.

Statistical analysis

Values are expressed as means ± SEM. One-way

analysis of variance (ANOVA) followed by Dunnett’s

test was applied to calculate the statistical signifi-

cance of differences between various groups. A value

of p < 0.05 was considered to be statistically significant.
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Results

Animals that underwent renal I/R (I/R, Np+I/R) ex-

hibited significant increase in the serum concentra-

tions of creatinine and urea nitrogen as compared to

sham-operated animals, suggesting a significant de-

gree of glomerular dysfunction caused by renal I/R.

Renal I/R also produced a significant reduction in cre-

atinine and urea clearance, which was used as an indi-

cator of glomerular filtration rate and, thus, glomeru-

lar function. Treatment of rats with Cat produced a sig-

nificant reduction in the serum levels of creatinine and

urea nitrogen (Fig. 1a–b), and a significant increase in

creatinine clearance associated with I/R (Tab. 1).

Renal I/R produced a significant increase in TBARS

levels as compared to sham-operated animals. Treat-

ment with Cat produced a significant reduction in

TBARS in renal I/R-treated animals (Fig. 2).

Renal I/R significantly decreased the enzymatic activ-

ity of GSH, GR, CAT and SOD. This reduction was sig-

nificantly improved by the treatment with Cat (Tab 1).

The histopathological changes were graded and

summarized in Table 2. The sham-operated group did

not show any morphological changes. By contrast, the

kidneys of untreated ischemic rats showed tubular cell
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Tab. 1. ������ �� ��������  �� ��!"�� ��# �� ���������� ��� ���� ���������� ������� �����������  $�%# ������ ��� ����������� ��������  $&#�
�������  �'(#� ��� �)���*��� �������  �+
# ��������� �� ��� �*)��� �� ����� �!&

Sham Np Sham I/R Np + I/R Cat + I/R Cat + Np + I/R

Creatinine clearance
(ml/min)

0.477 ± 0.055 0.45 ± 0.053 0.063 ± 0.018* 0.012 ± 0.002** 0.6 ± 0.088� 0.4 ± 0.09��

Urea clearance (ml/min) 0.184 ± 0.009 0.18 ± 0.0085 0.082 ± 0.005* 0.07 ± 0.003** 0.17 ± 0.009� 0.16 ± 0.01��

GSH (moles x 10��) 7.9 ± 0.07 7.72 ± 0.26 4.93 ± 0.26* 4.86 ± 0.19** 7.37 ± 0.09� 7.42 ± 0.18��

GR (units/litre) 1404 ± 154 1356 ± 143 356 ± 35* 350 ± 50** 885 ± 59� 910 ± 70��

SOD (units/mg protein) 8.56 ± 0.43 8.15 ± 0.27 2.6 ± 0.29* 1.36 ± 0.21** 5.07 ± 0.1� 4.8 ± 0.42��

CAT (k/min) 0.3 ± 0.038 0.29 ± 0.035 0.054 ± 0.013* 0.035 ± 0.004** 0.27 ± 0.046� 0.268 ± 0.048��

,) - ��)�������	� �!& - �������!��)�������� ��� - ��������.�������/ 0���� ��� �*)���� � ��� ���� 1 ��2/ 3 ) 4 �/�5 � ���)���� ��
��� ����)/ 33 ) 4 �/�5 � ���)���� �� ��)��������6��  ,)# ��� ����)/

�
) 4 �/�5 � ���)���� �� �!& ����)/

��
) 4 �/�5 � ���)���� ��
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swelling, cellular vacuolization, pyknotic nuclei, me-

dullary congestion and moderate to severe necrosis.

Treatment with Cat preserved the normal morphology

of the kidney (Fig. 3), which showed normal glom-

eruli, slight edema of the tubular cells.

Discussion

The acute renal failure produced by ischemia and re-

flow is a clinical and experimental syndrome charac-

terized by major reductions in glomerular filtration

rate, extensive tubular damage, tubular cell necrosis,

glomerular injury, and signs of tubular obstruction

with cell debris [4, 19, 37]. Much of this tubular and

glomerular dysfunction has been postulated to occur

during the reperfusion period following anoxia, and

generation of ROS has been postulated as one of the

major factors contributing to this reperfusion injury.

In I/R injury, ROS are capable of reacting with pro-

teins, lipids, and nucleic acids leading to lipid peroxi-

dation in biological membranes, which in turn, im-

pacts enzymatic processes such as ion pump activity

and damage DNA, thereby inhibiting transcription

and repair [12, 13]. If lipid peroxidation remains un-

checked, cell death will ultimately result. Further-

more, various antioxidant strategies, such as the use
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Group Tubular
cell
swelling

Interstitial
edema

Tubular
dilatation

Necrosis of
epithelium

Hyaline
casts

Sham – – – – –

Np sham – – – – –

I/R +++ +++ +++ +++ +++

Np + I/R +++ +++ +++ +++ +++

Cat + I/R – – – – –

Cat + Np + I/R +/– – +/– – –
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of TEMPOL or deferoxamine, have been shown to

provide beneficial actions against renal dysfunction

and injury caused by I/R of the kidney [14]. Experi-

mentally various antioxidant agents, such as SOD,

CAT, allopurinol, iloprost, and calcium channel

blockers, were used to protect kidney from I/R injury

[3, 18, 28]. The role of ROS in human kidney trans-

plantation seems to correlate with results obtained in

animal studies. Based on epidemiological and in vitro

data, the bioflavonoids, a group of plant-derived com-

pounds with polyphenolic structure, would appear to

have multiple effects that should be beneficial in renal

transplantation.

In this study, renal I/R caused an increase in the re-

nal TBARS levels and depleted the antioxidant en-

zyme pool, as is evident from the declined activities

of GSH, GR, CAT and SOD. Renal I/R-induced oxi-

dative stress was associated with impaired renal func-

tion leading to a marked increase in serum creatinine,

urea nitrogen and a marked fall in the creatinine clear-

ance. Moreover, the kidney of rats that underwent I/R

showed characteristic morphological changes, such as

tubular cell swelling, cellular vacuolization, pyknotic

nuclei, medullary congestion and moderate to severe

necrosis. Oxidative stress can promote the formation

of a variety of vasoactive mediators that can affect re-

nal function directly by causing renal vasoconstriction

or decreasing the glomerular capillary ultrafiltration

coefficient, and, thus, reduce the glomerular filtration

rate [5, 7]. Pretreatment with Cat prevented the renal

I/R-induced lipid peroxidation and protected the kid-

neys from severe depletion of AOE pool in rats ex-

posed to the renal I/R. Furthermore, the renal func-

tional and morphological damage was significantly

improved and Cat per se produced no hemodynamic

and morphological changes.

Numerous reports have provided evidence that Cats

exert in vitro antioxidant activity [10, 34, 38].

Structure-activity relationships have been described;

they vary depending on the conditions of the assay

procedure. Although some flavonoids have pro-

oxidant activity, most of these compounds, including

Cat, have antioxidant activity much higher than ascor-

bic acid and tocopherol in aqueous- and lipid-phase

models, respectively [10]. In addition, there are also

reports of flavonoids inhibiting an array of enzymes

involved in the production of oxygen species, includ-

ing lipooxygenase, cyclooxygenase, monooxygenase,

xanthine oxidase, and NADPH oxidase. Moreover,

Cat attenuates the increase in free iron after I/R and

consequently decreases the hydroxyl radical forma-

tion through Haber-Weiss and Fenton reactions. It is

important to note that most of these data come from in

vitro studies. Although in vivo data are scarce, espe-

cially for Cat, it is proposed that the consumption of

flavonoid-rich foods and beverages helps to limit oxi-

dant damage in the body [38, 42].

The findings imply that in the settings of renal I/R

injury, the ROS play a causal role and that administra-

tion of bioflavonoids like Cat can reduce the renal I/R

injury by boosting of antioxidant capacity and free

radical scavenging activity. Since bioflavonoids have

emerged as the compounds of clinical potential, vari-

ous standardization procedures and clinical trials may

make Cat a useful clinical moiety.
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