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ABSTRACT 

Toxic oxygen radicals play a role in the pathogenesis of ischemia/reperfusion (I/R) injury in the 

kidney. The present study was designed to investigate the effects of Pongamia pinnata (PP) 

leaves, a plant rich in flavonoids in I/R induced renal failure in rats. Antioxidant activity of the 

hydro-alcoholic extract of Pongamia pinnata was determined by DPPH free radical, and 

Hydroxyl radical scavenging assay. The protective effect of Pongamia pinnata leaves against the 

damage inflicted by reactive oxygen species (ROS) during renal I/R was investigated in Wistar 

albino rats using histopathological and biochemical parameters. Animals were subjected to 

occlusion of both the renal pedicles for 45min followed by 24h of reperfusion. Pongamia 

pinnata hydro-alcoholic leaf extract (100 mg/kg, 200 mg/kg and 400 mg/kg, p.o.) was 

administered 8 weeks prior to ischemia. At the end of the reperfusion period, rats were sacrificed. 

Malondialdehyde (MDA), reduced glutathione (GSH) levels, catalase (CAT), and superoxide 

dismutase (SOD) activities were determined in renal tissue. Serum creatinine, Serum Cystatin C, 

serum oxaloacetate transaminase (SGOT), serum pyruvate transaminase (SGPT), blood urea 

nitrogen (BUN) and Lactate dehydrogenase (LDH) 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 

Pongamia pinnata hydro-alcoholic leaf extract markedly attenuated renal dysfunction, 

morphological alterations, reduced elevated malondialdehyde levels and restored the depleted 

renal antioxidant enzymes. The findings imply that ROS play a causal role in I/R induced renal 

injury and Pongamia pinnata leaves exert renoprotective effects probably by the radical 

scavenging and antioxidant activities. 
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INTRODUCTION 

Renal ischemia is a common cause of acute renal failure. Acute renal failure (ARF) is defined as 

a rapid loss in renal function. Traditionally, the mortality rate of people with intrinsic acute renal 

failure is 50%, and this figure has not improved over the past several decades. Renal I/R injury 

are common in several clinical situations, including renal transplantation and shock. Renal 

ischemia/reperfusion (I/R) injury is the most prominent cause of intrinsic acute renal failure, a 

primary contributor in delayed graft function, allograft nephropathy and post-transplant 

hypertension in transplant patients. The term “I/R injury” represents the total damage caused by 

the initial ischemic episode coupled to the subsequent reperfusion period in which blood flow is 

reinitiated into the tissue. Therefore, the damage induced by I/R cannot be limited to the 

ischemic stage, since reperfusion plays an essential role in the process. At present, there is a 

paucity of data regarding the mechanisms involved in I/R injury, but complex interactions of 

distinct signaling cascades are known to be involved, resulting in cellular, inflammatory and 

immune responses. It was demonstrated that reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) increase in the areas of ischemia and reperfusion, which are responsible 

for renal damage. Inflammation also plays an important role in the pathogenesis of renal I/R 

injury, through leukocyte activation and expression of adhesion molecules and cytokines 
1-6

. Free 

radicals and pro-inflammatory cytokines can damage cellular membrane and subcellular 

structures, which contain large amounts of phospholipids and protein, resulting in lipid 

peroxidation and sequentially structural and metabolic alterations, leading to cell apoptosis and 

necrosis. 

Pathophysiology of renal I/R injury: 

In ischemic acute renal failure, loss of renal blood supply results in tissue hypoxia and leads to a 

complex cascade of events resulting in renal injury 
7, 8

. The series of pathophysiological events 

induced by I/R resulting in epithelial cell damage and renal function impairment is independent 

of total blood flow once it is launched. The destructive cascade of events results in a number of 

pathological changes in renal structure and function. The tissue changes caused by ischemia are 

well known. Upon depletion of energy rich phosphates (adenosine triphosphate (ATP)), the 

tissue concentration of their degradation products rises. The return of blood flow to ischemic 

tissue can result in recovery of normal function, but, paradoxically, the tissue becomes injured 

during the process of reperfusion 
9
. The organ dysfunction that accompanies this condition is 

generally associated with increased microvascular permeability, interstitial edema, impaired 
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vasoregulation, inflammatory cell infiltration, and parenchymal cell dysfunction and necrosis 
10

. 

I/R cause abnormalities in auto regulation of local blood flow leading to vasoconstriction and 

reduced blood flow to the kidney. Especially, blood flow to the outer medullary portion of the 

kidney markedly decreases following I/R. This reduction is attributed to increased production of 

vasoconstrictor compounds, like endothelin and TxA2, by the damaged endothelium, as well as a 

concomitant reduction of vasodilators, such as nitric oxide and PGI2. Together, these changes 

contribute to the overall endothelial dysfunction and irregularities in auto regulation following 

ischemic insult. In addition to the reduced blood flow, outer medullary congestion caused by I/R 

further augments hypoxia and lack of nutrition especially in the S3 segment of the proximal 

tubule and the thick ascending limb of Henle (TALH). This makes the tubular cells of TALH the 

primary target affected by ischemia, since they are already in an environment with low PO2 

levels even in the physiological conditions. Inadequate blood flow and outer medullary 

congestion further increase the ischemic injury, which is characterized by a series of structural 

deformations such as tubular cell membrane blabbing, loss of apical brush border and polarity, 

swelling of the cells due to increased Na
+
 and Cl

‾
 accumulation caused by diminished activity of 

Na
+
 K

+ 
ATPase pumps, and detachment of tubular cells from the basal membrane. Inside the cell, 

multiple changes occur due to the ischemia, which include the formation of vacuoles, swelling of 

the mitochondria and the pyknosis of the nuclei. Subsequent formation of cell debris and 

proteinaceous substances block the tubular lumen, leading to cast formation. Functionally, the 

tubular obstruction results in the elevation of back pressures leading to fluid and electrolyte back 

leak and the formation of edema. The swelling of the tubular cells contributes to the tubular 

blockage and causes obstruction of vasa recta, which further exacerbates ischemic conditions in 

the medullary region of the kidney. All of these mentioned structural changes are, in fact, results 

of disturbances of cellular homeostasis which should receive special attention. 

Free radical ablation for the treatment of reperfusion injury has found its first clinical application 

in the prevention of post ischemic tissue injury following organ transplantation 
11, 12. 

Thus, agents 

proposed to be useful in the clinical settings of I/R damage include free radical scavengers. A 

hydro-alcoholic extract of the leaves of Pongamia pinnata L., a mixture mainly composed of 

avone and chalcone derivatives such as Pongone, Galbone, Pongalabol, pongagallone A and B 
13

 

has been shown to exhibit a variety of pharmacological actions. Pongamia pinnata hydro-

alcoholic leaf extract has been reported to be a potent free radical scavenger and an antioxidant
14

.  

Pongamia pinnata normalized the levels of ammonia, urea and creatinine during 

hyperammonemic and nephrotoxic conditions 
15

. 



Behera et. al.,  Am. J. PharmTech Res. 2012; 2(4)     ISSN: 2249-3387 

695 www.ajptr.com 

 

Based on these reports, this study was designed to determine the possible protective effect of 

Pongamia pinnata leaves against oxidative stress during I/R injury of the kidney, by determining 

biochemical parameters and histological examination. 

To the best of our knowledge, no scientific data regarding the anti-ischemic effect of P. pinnata 

leaves are available except in the treatise of Ayurvedic medicine. Therefore, the present study 

investigated the possible therapeutic effects of Pongamia pinnata hydro-alcoholic leaf extracts 

on renal I/R injury in rats. 

MATERIALS AND METHODS 

Animals 

Adult Wistar albino rats weighing 200–220 g were given free access to normal rat diet and tap 

water and maintained in a temperature-controlled room with a 12:12-h light/dark cycle (lights on 

at 06:00 h). All procedures were performed in accordance with the approval of the Indian Animal 

Ethics Committee of Royal College of Pharmacy and Health Sciences (Approval No-

07/IAEC/2011). The experiments were conducted in accordance with the Committee for the 

Purpose of Control and Supervision on Experiments on Animals guidelines 
16

. 

Pongamia pinnata leaf extract 

 

Figure 1:- Pongamia pinnata Linn. (With permission from B&T world seeds) 

Leaves of Pongamia pinnata were collected in the month of December 2011 from its natural 

habitat from nearby Mohuda village, Berhampur, Ganjam district of Odisha. The plant was 

authenticated from Department of Botany, Khalikote College, Berhampur, Odisha. The leaves 

were cleaned and dried under the shade to avoid degradation of volatile oil. The leaves were 

Pongamia pinnata

P. pinnata seeds P. pinnata leaves
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dried in hot air woven at 55°C for 3 days and at 40°C for the next 4 days. The dried leaves were 

coarsely powdered and extracted with a mixture of methanol: water (7:3, v/v) by a Soxhlet 

apparatus at 50°C. The solvent was completely removed and obtained dried crude extract which 

was used for investigation. 

Phytochemical screening 

The freshly prepared crude extract was qualitatively tested for the presence of chemical 

constituents. Phytochemical screening of the extract was performed using the following reagents 

and chemicals: Alkaloids with Dragendorff‟s reagent, flavonoids with the use of Mg and HCl; 

tannins with ferric chloride and potassium dichromate solutions and saponins with ability to 

produce stable foam and steroids with Libermann- Burchard reagent. Gum was tested using 

Molish reagent and concentrated sulfuric acid; reducing sugars with Benedict‟s reagent. These 

were identified by characteristic color changes using standard procedures. 

Determination of antioxidant activity  

a) DPPH radical scavenging assay 
17

 

To the Methanol solution of DPPH (1 mM) an equal volume of the extract dissolved in alcohol 

was added at various concentrations from 250 to 2000 μg/ml in a final volume of 1.0 ml. An 

equal amount of alcohol was added to the control. After 20 min, absorbance was recorded at 517 

nm. Experiment was performed in triplicate 

b) Hydroxyl Radical Scavenging Activity (Deoxyribose degradation assay) 
18 

The hydroxyl radicals scavenging activity was measured with Fenton reaction. The reaction 

mixture contained 60 μl of 1 mM ferric chloride (FeCl3) 90 μl of 1mM 1, 10-phenanthroline, 2. 4 

ml of 0.2 M phosphate buffer (pH 7.8), 150 μl of 0.17 M hydrogen peroxide (H2O2), and 1.5 ml 

of PP extracts at various concentrations. After the addition of H2O2 all the solutions incubated at 

room temperature for 05 minutes and the absorbance of the mixture was measured at 532 nm 

with a spectrophotometer. The hydroxyl radicals scavenging activity was calculated using the 

following equation 

% Inhibition = [(A0-A1) / A0× 100] 

Where, A0was the absorbance of the control (blank) and A1 was the absorbance in the 

presence different concentrations of the extract  

Renal Ischemia/Reperfusion 

The animals were anesthetized by intra peritoneal injection of sodium pentobarbital (30 mg/kg)  

before the surgical procedure and placed in a supine position. The abdominal region of rats were 

shaved and sterilized with povidone iodine solution. Following surgery preparation, the rats were 
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placed on a heated table to maintain constant temperature between 36° and 37°C. A midline 

incision was made, and the renal pedicles were isolated. After laparotomy and dissection of both 

renal pedicles, bilateral ischemia was induced by occluding the renal pedicles with atraumatic 

micro-vascular clamp for 45 min followed by followed by 3 h reperfusion. Occlusion was 

confirmed by a significantly pallid change of the kidney color and a return to a red shade upon 

reperfusion (During reperfusion, clamps were removed and the blood flow to the kidneys was 

reestablished with visual verification of blood return). After the surgical procedures, the midline 

incision was sutured followed by the local application of povidone iodine solution. At the end of 

the reperfusion period, the animals were euthanized by cervical dislocation.  

Experimental Groups 

Animals were divided into four groups consisting of six rats each:  

Group-I: - NAIVE-Normal control-rats in this group did not undergo ischemia or reperfusion 

and served as the control group. 

Group-II: - SHAM-Sham-operated (animals subjected to the identical procedure of surgery 

without ischemia-reperfusion injury) plus physiologic saline treatment.  

Group-III: - I/R-Animals subjected 45 minutes of renal ischemia, followed by reperfusion for 3 

hours and served as untreated experimental control. 

Group-IV: - PP control- Sham operated plus Pongamia pinnata control (400 mg/kg body wt. 

treatment up to 8 weeks). 

Group-V: - PP 100mg/kg + I/R- Renal I/R plus Pongamia pinnata hydro-alcoholic leaf extract 

100 mg/kg body wt. treatment up to 8 weeks. 

Group-VI: - PP 200mg/kg + I/R- Renal I/R plus Pongamia pinnata hydro-alcoholic leaf extract 

200 mg/kg body wt. up to 8 weeks.  

Group-VII: - PP 400mg/kg + I/R- Renal I/R plus Pongamia pinnata hydro-alcoholic leaf extract 

400 mg/kg body wt. up to 8 weeks. 

Sham operated animals underwent the same surgical procedures except that the bilateral renal 

pedicles were not clamped. Twenty-four hours after reperfusion initiation, blood was drawn from 

the abdominal inferior cava vein immediately before induced death. All of the rats were 

sacrificed after 24 hours of reperfusion period and both kidneys were harvested for antioxidant 

and histological analyses. The blood was collected, and was spun at 1000 rpm for 15 min and 

serum samples were collected. The serum samples were stored at −20°C until serum level 

determinations were completed for blood urea nitrogen (BUN), serum creatinine, serum cystatin 

C, lactate dehydrogenase (LDH), serum oxaloacetate and pyruvate transaminases (SGOT & 
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SGPT). The renal tissue samples were cut in two and immediately placed in Bouin‟s solution for 

histological evaluation and for subsequent determination of malondialdehyde (MDA), reduced 

glutathione (GSH) levels, catalase and super oxide dismutase (SOD). 

Kidney Function Study 

Blood was collected from the rats by retro-orbital puncture at the time of sacrificing and was 

allowed to clot for 10 minutes at room temperature. Clots were centrifuged at 2500 rpm for 10 

minutes to separate the serum. Serum creatinine, serum cystatin C, urea, serum oxaloacetate and 

pyruvate transaminases were measured by assay kits (Crest Biosystems, Bambolim Complex. 

Goa, India) using semiautomatic analyzer (3000 Evolution, Tulip Diagnostics (p) Ltd, 

Secunderabad, India) 

Preparation of Tissue Homogenates 

After sacrificing the animals, their kidneys were quickly removed, perfused immediately with ice 

cold hypertonic saline solution, and homogenized in chilled potassium chloride (1.17%) using a 

Potter Elvehjem homogenizer (Remi, Mumbai, India). The homogenate was centrifuged at 10500 

g or 10500 rpm for 20 minutes at 4°C to get the post-mitochondrial supernatant, which was used 

to assay superoxide dismutase, catalase, reduced glutathione, and lipid peroxidation activity. 

Assessment of Renal Function and Serum Lactate Dehydrogenase Levels 

Serum samples were assayed for BUN, serum creatinine, serum LDH using standard diagnostic 

kits (Crest Biosystems, Bambolim Complex. Goa, India). Serum concentration of LDH was used 

as a marker of necrosis in tissues. Problems with creatinine (varying muscle mass, recent meat 

ingestion, etc.) have led to evaluation of alternative agents for estimation of renal function, one 

of these is Cystatin C, a ubiquitous protein secreted by most cells in the body (it is an inhibitor of 

cysteine protease). Cystatin C is freely filtered at the glomerulus. After filtration, Cystatin C is 

reabsorbed and catabolized by the tubular epithelial cells, with only small amounts excreted in 

the urine. Cystatin C levels are therefore measured not in the urine, but in the bloodstream. 

Cystatin C concentration was determined with a particle-enhanced nepherometric immunoassay. 

Renal function was assessed by serum creatinine, BUN concentration, Cystatin C and LDH 

levels 

Determination of serum oxaloacetate and pyruvate transaminases (SGOT & SGPT) 

Serum GOT and GPT were determined by the method of Reitman and Frankel
19

. Each substrate 

(0.5 ml) (2mM α-ketoglutarate and either 200 mM α L-Alanine or L-Aspartate was incubated for 

5 min at 37°C in a water bath. Serum (0.1 ml) was then added and the volume was adjusted to 

1.0 ml with sodium phosphate buffer. The reaction mixture was incubated for exactly 30 min and 
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60 min for GPT and GOT, respectively. Then to the reaction mixture, 0.5 ml of DNPH (1mM) 

was added and left for another 30 min at room temperature. Finally, the colour was developed by 

addition of 5.0 ml of NaOH (0.4 N) and product read at 505 nm. 

Estimation of Antioxidant Enzymes 

The antioxidant enzymes were estimated by well-established procedures. Nonprotein sulfhydryl, 

as a marker for reduced glutathione (GSH), was measured by the method of Jollow and 

colleagues, 
20

 and the yellow color developed by the reduction of Ellman‟s reagent by -SH 

groups of non-protein sulfhydryl was read at 412 nm. Catalase activity was assayed by the 

method of Claiborne, 
21

 and the rate of decomposition of H2O2 was followed at 240 nm. 

Superoxide dismutase (SOD) activity was assessed by the method of Kono
22

. Nitro blue 

tetrazolium reduction by superoxide anion to blue formazan was followed at 560 nm. 

Estimation of Lipid Peroxidation 

Malondialdehyde (MDA) content, a measure of lipid peroxidation, was assayed in the form of 

thiobarbituric acid-reacting substances 
23

. In brief, the reaction mixture consisted of 0.2 mL of 

8.1% sodium lauryl sulphate, 1.5 mL of 20% acetic acid solution adjusted to a pH of 3.5 with 

sodium hydroxide, and 1.5 mL of 0.8% aqueous solution of thiobarbituric acid added to 0.2 mL 

of 10% (w/v) of post-mitochondrial supernatant. The mixture was made up to 4.0 mL with 

distilled water and heated at 95°C for 60 minutes. After cooling with tap water, 1.0 mL of 

distilled water and 5.0 mL of the mixture of n-butanol: pyridine (15:1 v/v) was added and 

centrifuged. The organic layer was taken out and its absorbance was measured at 532 nm. The 

renal MDA content was expressed as nanomoles of MDA per milligram of protein. Tissue 

protein was estimated using the Biuret method of protein assay
 24

 

Histological Analysis 

The kidneys was isolated immediately after sacrificing the rats and washed with ice-cold saline. 

Thereafter, it was fixed in a Bouin‟s solution and embedded in paraffin wax. Five micrometer-

thick sections were cut, deparaffinized, hydrated, and stained with hematoxylin-eosin. The renal 

sections from all treatments were examined in blind fashion for tubular cell swelling, tubular 

dilatation, interstitial edema, and moderate to severe necrosis. A minimum of 10 fields for each 

kidney slide were examined and assigned for severity of changes using scores on a scale of mild 

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

Statistical Analyses  

Results are presented as the mean ± SEM. All statistical analyses were performed using Graph 

Pad Prism Software program (version 5) 
25

. Results are expressed as means ± SEM for six rats in 
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the each group and statistical significant differences between mean values were determined by 

one way analysis of variance (ANOVA) followed by the Tukey‟s test for multiple comparisons 

for antioxidant study. Data were analyzed using analysis of variance followed by Bonferroni‟s 

post-test. The Kruskal-Wallis 1-way analysis of variance by ranks was used to simultaneously 

test the pathologic score for the I/R and I/R ± Pongamia pinnata groups. A P value of < 0.05 was 

considered statistically significant. 

RESULTS AND DISCUSSION 

ARF, which is increasing in prevalence, is associated with high mortality in humans
26

. Ischemic 

ARF frequently occurs in hospitalized patients. The pathophysiology after renal I/R injury is not 

well established. The mechanisms are most likely multifactorial and interdependent, involving 

hypoxia, inflammatory responses and free radical damage
27

. The transient discontinuation of 

renal blood supply is encountered in many clinical situations such as kidney transplantation, 

partial nephrectomy, renal artery angioplasty, aortic aneurysm surgery, and elective urological 

operations
28, 29

. This transient discontinuation causes renal I/R injury which results in decreased 

glomerular filtration and renal blood flow and increased urine output is characterized by 

natriuresis and impaired concentrating ability. Acute renal failure produced by ischemia and 

reflow is histopathologically characterized by extensive tubular damage, tubular cell necrosis, 

glomerular injury, and signs of tubular obstruction with cell debris
30, 31

. 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 renal I/R injury, ROS are capable of reacting with lipids leading to 

lipid peroxidation of biological membranes, which in turn impacts enzymatic processes, such as 

ion pump activity, inhibiting transcription and repair of DNA. If lipid peroxidation remains 

unchecked, it will ultimately result in cell death
32, 33

. Recently, studies have focused on the role 

of ROS in I/R injury, and oxidative stress has been implicated in the pathogenesis of ischemic 

ARF
34, 35

. A number of drugs or chemicals have been used to prevent I/R kidney injury, vitamin 

E 36, montelukast
37

,   angiotensin-converting enzyme inhibitor 
38

, cyclosporine 
39

 and 

leflunomide 
40

 and an endothelin-A receptor antagonist 4
1
 have been found to be effective in the 

prevention of lipid peroxidation and general damage. Ischemia is also a stimulus for the release 

of chemotactic factors for neutrophils. During the reperfusion phase, renal tissue is further 

destroyed by the release of free radicals and toxic enzymes by neutrophils that have adhered to 

and traversed the endothelium 
35 
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Phytochemical screening of the extracts revealed the presence of alkaloids, flavonoids, saponins, 

steroids and tannins. Several reports indicate that Pongamia pinnata may exert antioxidant 

effects (Table-1) 

Table 1:- Phytochemical analysis of Pongamia pinnata leaves 

Sr Num. Phytoconstituents Methanol Aqueous 

1 Alkaloid + ++ + + - + + 

2 Carbohydrate + - - + - - 

3 Glycoside (cardiac glycoside) + + 

4 Tanins and phenolics + + - + + 

5 Protein  & amino acid - - - - - - 

6 Gum and mucilage +++ + + + 

7 Flavones & flavonoids ++ + + 

8 Saponins + + 

9 Steroids & sterols + + 

10 Triterpenoids + + 

+ = presence, – = absence 

In our earlier study, we showed that Pongamia pinnata can provide protection against injury 

caused by hydrogen peroxide
14

 and similar report has been generated in this study by the 

Hydroxyl Radical Scavenging Activity (Hydroxyl radical is the most reactive oxygen species 

among all reactive oxygen species owing to its strong ability to react with various biomolecules).  

Pongamia pinnata can reduce ROS activity and protects vascular smooth muscle cells from 

injury (Table-2; Figure-2). The statement is quite justified as this study shows that the hydro-

alcoholic leaf extract of Pongamia pinnata have the proton-donating ability and can serve as free 

radical inhibitor or scavenger, acting possibly as primary antioxidant by the results obtained from 

DPPH radical scavenging assay (Table-3; Figure-3). In agreement with that study, the results of 

this study confirm that Pongamia pinnata protects kidneys against I/R injury; however, the novel 

findings from this study are its effects on oxidative stress, the antioxidant system 

Table 2:- Study on DPPH scavenging activity in Pongamia pinnata leaves 

Concentration 

(µg/ml) 

Ascorbic acid 

(% scavenging activity) 

P. pinnata 

(% scavenging activity) 

0 0 0 

250 90.2±0.004 43 ±0.005 

500 91 ±0.009 68.7± 0.004 

1000 92.4 ±0.005 71±0.003 

2000 93±0.007 76±0.007 

Values are mean ± SEM of three separate experiments; Statistical comparison has been done by 

student„s t- test 
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Figure 2:- Study on DPPH scavenging activity in Pongamia pinnata leaves at 517 nm 

Table 3:- Study on Hydroxyl Radical Scavenging Activity in Pongamia pinnata leaves 

Concentration 

(µg/ml) 

Ascorbic acid 

(% scavenging activity) 

P. pinnata  

(% scavenging activity) 

0 0 0 

250 85.1±0.012 40.57 ± 0.021 

500 87.4±0.019 55.20 ± 0.023 

1000 88.1±0.018 61.45 ± 0.025 

2000 89.7±0.021 69.54 ± 0.021 

Values are mean ± SEM of three separate experiments; Statistical comparison has been done by 

student„s t- test 

Hydroxyl Radical Scavenging Activity in P. pinnata leaves
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Figure 3:- Study on Hydroxyl Radical Scavenging Activity in Pongamia pinnata leaves at 

532 nm 

Kidney Function Study 

Animals subjected to renal ischemia exhibited significant increases in serum urea, creatinine 

cystatin C and lactate dehydrogenase levels compared with the naive, sham and PP treated 

groups, suggesting a significant decrease in glomerular function due to renal I/R injury (P 
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< 0.01). However, the rats treated with PP before I/R had significantly lower levels of serum 

urea, creatinine, cystatin C and lactate dehydrogenase compared with the I/R group (P<0.05) 

(Table 4) 

Table 4:-Level of BUN, Creatinine, Cystatin C and LDH in Serum 

Group Treatment BUN (mg/dl) 

(Mean ± SEM) 

Creatinine 

(mg/dl) 

(Mean ± SEM) 

Cystatin C 

(mg/dL) 

(Mean ± SEM) 

LDH ((U/l) 

(Mean± 

SEM) 

Group I Naive 13.56±3.69 0.58±0.09 0.13±0.02 358.05±5.04 

Group II Sham -operated control 16.12±4.51 0.64±0.10 0.15±0.03 356.03±4.56 

Group III Ischemia/reperfusion (I/R) 73.67±16.4
a
 1.89±0.41

a
 0.38±0.11

a
 586.27±6.31

a
 

Group IV PP control 15.05±3.92 0.59±0.14 0.16±0.06 352.14±3.64 

Group V PP 100mg/kg + I/R 54.87±14.56
b
 1.48±0.39

b
 0.30±0.11

b
 436.13±2.54

b
 

Group VI PP 200mg/kg + I/R 43.73±11.28 1.21±0.32 0.25±0.12 408.96±2.35 

Group VII PP 400mg/kg + I/R 32.07±8.94 0.98±0.17 0.19±0.17 367.62±2.85 
a
 P < 0.01 vs. naive, sham and PP groups. 

b
 P < 0.05 vs. I/R  

I/R, ischemia/reperfusion; PP, Pongamia pinnata; BUN, Blood Urea Nitrogen; LDH, Lactate 

dehydrogenase 

Renal I/R-induced oxidative stress was associated with impaired kidney function, leading to a 

marked increase in serum creatinine, urea, cystatin C and LDH levels. Increased serum LDH 

concentration is usually a good marker of necrosis in tissues and is regarded as an index of 

generalized tissue damage. In the present study, serum creatinine, Cystatin C, BUN, and serum 

LDH levels were significantly increased with the application of I/R to the kidney. However, 

pretreatment with PP resulted in a decrease in serum creatinine, Cystatin C, BUN, and LDH 

levels was reduced by Pongamia pinnata treatment (p<0.001) most likely as a result of Reno 

protective effect by inhibition of ROS (Figure 4). 
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Figure 4:- Level of BUN, Creatinine, Cystatin C and LDH in Serum 

Increased serum levels of SGPT and SGOT confirmed renal reperfusion injury (Figure 5). The 

SGPT and SGOT are not only specific to the liver but also found in other organs such as kidney 

and smooth muscle. These enzymes are especially elevated after renal tubular injury in rat 
43

. 

Because SGPT and SGOT are present within the proximal tubulus and are regarded as a 

nonspecific marker of extensive cellular damage 
44

, we have used serum SGPT and SGOT in this 

study as markers of reperfusion injury (Table-5). Furthermore, evidence of tubular injury was 

supported by the histopathological scoring of renal injury as there was marked tubular injury 

(Table-9) 
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Figure 5:- Level of serum pyruvate transaminase and serum oxaloacetate transaminase 
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Table 5:-Level of serum pyruvate transaminase and serum oxaloacetate transaminase 

Group Treatment SGPT (IU/L) 

(Mean ± SEM) 

SGOT (IU/L) 

(Mean ± SEM) 

Group I Naive 18.66±0.454 25.67±0.865 

Group II Sham  46.35±0.287 63.74±1.255 

Group III Ischemia/reperfusion (I/R) 70.92±0.410
a
 78.62±2.342

a
 

Group IV PP control 17.56±0.355  24.92±0.458  

Group V PP 100mg/kg + I/R 45.78±0.464
b
 64.78±1.746

b
 

Group VI PP 200mg/kg + I/R 36.75±0.328 58.83±0.448 

Group VII PP 400mg/kg + I/R 28.94±0.419 45.97±0.655 
a
P < 0.01 vs. naive, sham and PP groups. 

b
P < 0.05 vs. I/R + PP. 

SGPT, Serum pyruvate transaminase; SGOT, Serum oxaloacetate transaminase 

After renal I/R, the serum enzymatic activities of SOD and GSH significantly decreased in the 

I/R group. This reduction was significantly improved by treatment with PP in the I/R. PP group 

(P<0.01 and P< 0.05, respectively) (Table 6). 

Table 6:- Serum SOD and GSH of the groups 

Group Treatment GSH (U/g protein) 

(Mean ± SEM) 

SOD (U/mg protein) 

(Mean ± SEM) 

Group I Naive 2128±147 4.33±0.51 

Group II Sham -operated control 1886±319 3.67±0.47 

Group III Ischemia/reperfusion (I/R) 1569±206
a, b

 2.65±0.45
a,b

 

Group IV PP control 2012±276 4.09±0.65 

Group V PP 100mg/kg + I/R 1678±315 3.06±0.45 

Group VI PP 200mg/kg + I/R 1867±195 3.35±0.51 

Group VII PP 400mg/kg + I/R 1953±147 3.97±0.42 

a P < 0.01 vs. naive, sham and PP groups. 

b P < 0.05 vs. I/R + PP 

GSH, Reduced Glutathione; SOD, Super Oxide Dismutase 
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Figure 6:- Serum GSH and SOD 
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Pongamia pinnata (PP)-Induced Changes in the Antioxidant and Oxidant Pool in Rat 

Kidney Tissue 

Oxidative stress can result from increased ROS production and/or from decreased ROS 

scavenging capability. The cells natural protective system against the devastating actions of ROS 

includes protective enzymes, including SOD, CAT and GSH. SOD, CAT, GSH and other 

antioxidants are believed to play important roles in reversing the pathological damage caused by 

I/R injury 
42

.  

More studies have now established the ability of Pongamia pinnata to inhibit free radical 

generation and act as free radical scavengers and antioxidants 
45

. 

The I/R process also resulted in significant decreases in tissue enzymatic activity of CAT, when 

compared with rats treated with PP before the process (P<0.01). Additionally, tissue SOD and 

GSH activities decreased after I/R and GSH activity improved with PP treatment; however, the 

difference in SOD was not statistically significant between the I/R and I/R+PP groups (Table 7). 
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Figure 7:- The renal tissue oxidant and antioxidant enzyme levels of the groups 
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Table 7:- The renal tissue oxidant and antioxidant enzyme levels of the groups 

Group Treatment GSH (U/g protein) 

(Mean ± SEM) 

SOD (U/g 

protein) 

(Mean ± SEM) 

CATALASE (kg/ 

protein) 

(Mean ± SEM) 

Group I Naive 0.19±0.05 0.13±0.03 0.65±0.13 

Group II Sham -operated control 0.17±0.04 0.09±0.02 0.44±0.09 

Group III Ischemia/reperfusion (I/R) 0.12±0.03 
a, b

 0.04±0.02
a,b

 0.29±0.07
a, b

 

Group IV PP control 0.16±0.03 0.11±0.03 0.58±0.09 

Group V PP 100mg/kg + I/R 0.14±0.02 0.05±0.02 0.37±0.12 

Group VI PP 200mg/kg + I/R 0.15±0.04 0.07±0.01 0.43±0.11 

Group VII PP 400mg/kg + I/R 0.18±0.02 0.10±0.02 0.51±0.09 
a
P < 0.01 vs. naive, sham and PP groups. 

b
P < 0.05 vs. I/R + PP 

In addition, renal ischemia and reperfusion produced a significant increase in MDA in serum and 

tissue compared with the naive, sham-operated and PP groups. Treatment with PP resulted in a 

significant reduction in MDA (P<0.05 for tissue and serum levels) (Table 8). 

Table 8:- Lipid Peroxidation Activity 

Group Treatment MDA (In Serum) 

(Mean± SEM) 

MDA (In Renal tissue) 

 (Mean± SEM) 

Group I Naive 0.21±0.03 2.58±0.47 

Group II Sham -operated control 0.33±0.07 3.46±0.60 

Group III Ischemia/reperfusion (I/R) 0.54±0.11
a,b

 4.79±0.72
a,b

 

Group IV PP control 0.28±0.07 3.17±0.53 

Group V PP 100mg/kg + I/R 0.46±0.08 4.04±0.67 

Group VI PP 200mg/kg + I/R 0.35±0.06 3.68±0.53 

Group VII PP 400mg/kg + I/R 0.31±0.04 3.24±0.56 
a
P < 0.01 vs. naive, sham and PP groups. 

b
P < 0.05 vs. I/R + PP 
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Figure 8:- Lipid Peroxidation Activity 
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Although the activity of antioxidant enzymes (CAT, SOD and GSH) decreased in the I/R group 

compared with the naive, sham and PP groups, pretreatment with PP improved the levels of 

CAT, SOD and GSH compared with the I/R group. There were statistically significant increases 

in renal tissue MDA levels in the I/R group compared with the naive, sham and PP groups. 

Pretreatment with PP significantly improved these levels compared with the I/R group 

In our study, animals subjected to renal I/R demonstrated an increase in the renal MDA and 

attenuated the antioxidant enzymes pool (Figures 8, 6 and 7). Lipid peroxidation and antioxidant 

enzymes are important indexes of oxidant injury 
46

. This study shows that pretreatment with PP 

protects rat kidneys against I/R injury, as demonstrated by improved renal function, normalized 

renal histopathology, improvement in antioxidant enzyme status (increased levels of GSH and 

activity of SOD and CAT), reduced oxidation products (reduced MDA levels). Our study also 

showed that tissue SOD and GSH activities and serum CAT, SOD and GSH levels were 

significantly decreased in the I/R group, when compared with the naive group (Figures 6). 

Furthermore, PP prevented depletion of SOD, GSH and CAT activity after I/R. Demonstrations 

of lipid peroxidation as index for oxidative damage may help us better understand the effects of 

ROS on the cellular components 
47

 

Histopathological Analysis 

The histopathological changes were graded and summarized in the Table 9.  

Table: - 9 Morphological changes assessed by Histopathological examination of kidneys of 

Rats Exposed to Ischemia/Reperfusion (I/R) Injury With and Without Preceded Treatment 

with Pongamia pinnata (PP) and Sham Operation 

Rat group Tubular cell 

swelling 

Interstitial 

edema 

Tubular 

dilatation 

Necrosis of 

Epithelium 

Naive - - - - 

Sham - - - - 

IR + + + + 

IR + PP 100mg/kg + + - + 

IR + PP 200mg/kg + + - - 

IR + PP 400mg/kg - - - - 

*The minus sign indicates no morphological change and plus sign indicates some change 

The sham control group of rats did not show any morphological changes. By contrast, the 

kidneys of the rats with I/R only showed tubular cell swelling, interstitial edema, tubular 

dilatation, and moderate to severe necrosis, whereas, Pongamia pinnata preserved the normal 

morphology of the kidney (Figure 9). 
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Figure 9:- Light photomicrograph of rat’s kidneys (hematoxylin-eosin stained sections × 

400) 

A- Kidney sections from naive 

B - Sham-operated group showing normal corpuscles and tubules 

C, D - Ischemia-reperfusion group showing marked tubular epithelial degeneration 

(arrowhead) and intraluminal tubular eosinophilic casts (thin arrows) 

E - Group received Pongamia pinnata, showing normal renal corpuscles and tubular 

cells 

F, G & H - Ischemia-reperfusion group treated with Pongamia pinnata (100, 200 

and 400 mg/kg body wt. respectively) showing marked improvement of tubular 

epithelium (arrowheads) and decline of luminal casts (arrows) 

We studied the effects of PP on ischemia-induced tissue damage. Representative examples of 

these experiments are presented in Figure 9. I/R injury resulted in severe tissue damage in the S3 

segment of the proximal tubules, and the outer medullary stripe exhibited loss of the brush 

border and detachment of epithelial cells from the basement membrane. This effect resulted in 

naked basement membranes (Figure 9C and Figure 9D) and tubular obstruction. In the naive 

group, renal tissue sections had a normal morphology (Figure 9A). No significant morphological 
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damage was observed in the PP-only and sham operated groups; most tubules were intact and 

demonstrated normal brush borders (Figures 9B and 9E). Renal sections obtained from rats 

treated with PP before the I/R process demonstrated a marked reduction in the histological 

features of renal injury, mainly consisting of focal and mild tubular necrosis (Figures 9F, 9G and 

9H). 
.
  

CONCLUSON 

The results of our study allow us to conclude that PP protects kidneys against I/R injury. 

Administration of Pongamia pinnata hydro-alcoholic leaf extract attenuates the increase in 

markers of renal injury and oxidative damage. These findings provide a basis for the 

development of novel therapeutic strategies. Pongamia pinnata leaves have antioxidant 

properties and may be used in human studies in the future. 

REFERENCES 

1. Rabb H, O'Meara YM, Maderna P, Coleman P, Brady HR. Leukocytes, cell adhesion 

molecules and ischemic acute renal failure. Kidney Int 1997; 51:1463. 

2. K J Kelly, W W Williams, Jr, R B Colvin, S M Meehan, TA Springer, J C Gutierrez-

Ramos, JV Bonventre Intercellular adhesion molecule-1-deficient mice are protected 

against ischemic renal injury. J Clin Invest 1996; 97:1056. 

3. Yokota N, Daniels F, Crosson J, Rabb H Protective effect of T cell depletion in murine 

renal ischemia-reperfusion injury. Transplantation 2002; 74:759. 

4. Ysebaert Dirk K, Kathleen E De Greef, Annelies De Beuf, An R Van Rompay, Sven 

Vercauteren, Veerle P Persy. Marc E De Broe T cells as mediators in renal 

ischemia/reperfusion injury. Kidney Int 2004; 66:491. 

5. Pinheiro HS, Camara NO, Noronha IL, Maugeri IL, Franco MF, Medina JO, Pacheco-

Silva A. Contribution of CD4⁺ T cells to the early mechanisms of ischemia-reperfusion 

injury in a mouse model of acute renal failure. Braz J Med Biol Res 2007; 40:557. 

6. Marques VP, Gonçalves GM, Feitoza CQ, Cenedeze MA, Fernandes Bertocchi AP, 

Damião MJ, Pinheiro HS, Antunes Teixeira VP, dos Reis MA, Pacheco-Silva A, Saraiva 

Câmara NO Influence of TH1/ TH2 switched immune response on renal ischemia-

reperfusion injury. Nephron Exp Nephrol 2006; 104:e48-56. 

7. Paller MS. The cell biology of reperfusion injury in the kidney. J Invest Med 1994; 

42:632–9. 



Behera et. al.,  Am. J. PharmTech Res. 2012; 2(4)     ISSN: 2249-3387 

711 www.ajptr.com 

 

8. Arendshorst WJ, Finn WF, Godttschalk CW. Pathogenesis of acute renal failure 

following renal ischemia in the rat. Circ Res 1975; 37:558–68. 

9. Werns SW, Lucchesi BR. Free radical and ischemic tissue injury. Trends Pharmacol Sci 

1990; 11:161–6. 

10. Granger DN, Korthuis RJ. Physiological mechanisms of post-ischemic tissue injury. 

Annu Rev Physiol 1995; 57:311–32. 

11. Amersi F, Nelson SK, Shen XD, Kato H, Melinek J, Kupiec Weglinski JW, et al. 

Bucillamine, a thiol antioxidant, prevents transplantation-associated reperfusion injury. 

Proc Natl Acad Sci USA 2002; 99:8915–20. 

12. Seo MY, Lee SM. Protective effect of low dose of ascorbic acid on hepatobiliary function 

in hepatic ischemia/reperfusion in rats. J Hepatol 2002; 36:72–7. 

13. Shameel S, Usmanghani K, Ali MS. Chemical constituents from seeds of Pongamia 

pinnata (L.) Pierre. Pak J Pharm Sci 1996; 9:11-20. 

14. Behera S., Manohar Babu S. and Y. Roja Ramani. Phytochemical Investigation and 

Study on Antioxidant Properties of Pongamia pinnata Hydro-Alcoholic Leaf Extract. 

Plant Sciences Feed 2012; 2 (5): 74-78 

15. Mohamed M. Essa,  Amanat  A. Ali , Mostafa I. Waly , Gilles J Guillemin , P. 

Subramanian,  Effect of Pongamia pinnata leaves on serum lipids in ammonium chloride 

induced experimental hyperammonemic rats. Int J Biol Med Res 2010; 1(3): 71-73. 

16. Committee for the Purpose of Control and Supervision on Experiments on Animals. 

CPCSEA guidelines for laboratory animal facility. Indian J Pharm 2003; 35: 257-74 

17. Rajadurai M, Prince PSM. Comparative effects of Aegle marmelos extract and alpha-

tocopherol on serum lipids, lipid peroxides and cardiac enzyme levels in rats with 

isoproterenol-induced myocardial infarction. Singapore Med J 2005; 46:78-81. 

18. Geetha A, Sankar R, Thankamani Marar, Shyamala Devi CS. a-Tocopherol reduces 

doxorubicin induced toxicity. Indian J Physiol Pharmacol 1990; 34:94-100. 

19. S. Reitman, S.A. Frankel. Colorimetric method for the determination of serum 

oxaloacetic and glutamic pyruvic transaminases. Am J Clinical Pathol 1957; 28: 56 - 63. 

20. Jollow DJ, Mitchell JR, Zampaglione N, Gillette JR. Bromobenzene-induced liver 

necrosis. Protective role of glutathione and evidence for 3, 4-bromobenzene oxide as the 

hepatotoxic metabolite. Pharmacology 1974; 11(3):151-69 

21. Claiborne. A. Catalase activity. In: R. A. Greenwald (ed.), CRC Handbook of Methods 

for Oxygen Radical Research, Boca Raton, FL: CRC Press, Inc., 1985 p. 283-284. 



Behera et. al.,  Am. J. PharmTech Res. 2012; 2(4)     ISSN: 2249-3387  

www.ajptr.com  712 

 

22. Kono Y. Generation of superoxide radical during autoxidation of hydroxylamine and an 

assay for superoxide dismutase. Arch Biochem Biophys. 1978; 186:189-95. 

23. Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by 

thiobarbituric acid reaction. Anal Biochem 1979; 95:351-8. 

24. Varley H. Tests in liver and biliary tract diseases. In: Practical Clinical Biochemistry, 4th 

edn. New Delhi, CBS Publications, 1988; pp 349-393 

25. Harvey J, Paige SM. The Instat Guide to choosing and interpreting statistical tests: A 

manual for Graph pad Instat, Version 3. San Diego, CA USA. 1998 

26. Lameire N, Van Biesen W, Vanholder R. The rise of prevalence and the fall of mortality 

of patients with acute renal failure: what the analysis of two databases does and does not 

tell us. J Am Soc Nephrol 2006;17:923–5 

27. Williams P, Lopez H, Britt D, Chan C, Ezrin A, Hottendorf, R. Characterisation of renal 

ischemia-reperfusion injury in rats. J Pharmacol. Toxicol. Methods 1997; 37, 1–7 

28. Thadhani R, Pascual M, Bonventre JV. Acute renal failure. N Engl J Med. 1996; 

334:1448-60. 

29. Paller MS. Acute renal failure: controversies, clinical trials, and future directions. Semin 

Nephrol. 1998; 18:482-9. 

30. Finn WF. Nephron heterogeneity in polyuric acute renal failure. J Lab Clin Med. 1981; 

98:21-9. 20.  

31. Chatterjee PK, Cuzzocrea S, Thiemermann C. Inhibitors of poly (ADP-ribose) synthetase 

protects rat proximal tubular cells against oxidant stress. Kidney Int. 1999; 56: 973-84. 

32. Chatterjee PK, Cuzzocrea S, Brown PA, Zacharowski K, Stewart KN, Mota-Filipe H, 

Thiemermann C Tempol, a membrane-permeable radical scavenger, reduces oxidant 

stress-mediated renal dysfunction and injury in the rat. Kidney Int 2000; 58:658-73. 

33. Singh D, Chander V, Chopra K. The effect of quercetin, a bioflavonoid on 

ischemia/reperfusion induced renal injury in rats. Arch Med Res. 2004; 35:484-94. 

34. Bonventre JV, Weinberg JM. Recent advances in the pathophysiology of ischemic acute 

renal failure. J Am Soc Nephrol 2003; 14:2199 – 210. 

35. Weight SC, Bell PRF, Nicholson ML. Renal ischemia-reperfusion injury. Br J Surg 1996; 

83:162–70. 

36. Uysal F, Girgin FK, Tuzun S, Aldemir S, Sozmen EY Effect of vitamin E on antioxidant 

enzymes and nitric oxide in ischemia-reperfused kidney injury. Biochem Mol Biol Int 

1998; 44:1255– 63. 



Behera et. al.,  Am. J. PharmTech Res. 2012; 2(4)     ISSN: 2249-3387 

713 www.ajptr.com 

 

37. Sener G, Sehirli O, Velioglu-Ogunç A, Cetinel S, Gedik N, Caner M, Sakarcan A, Yegen 

BC. Montelukast protects against renal ischemia/reperfusion injury in rats. Pharmacol 

Res 2006; 54:65–71 

38. Altunoluk B, Soylemez H, Oguz F, Turkmen E, Fadillioglu E. An Angiotensin-

converting enzyme inhibitor, zofenopril, prevents renal ischemia/reperfusion injury in 

rats. Ann Clin Lab Sci 2006; 36:326 –32. 

39. Singh D, Chander V, Chopra K. Cyclosporine protects against ischemia/reperfusion 

injury in rat kidneys. Toxicology 2005; 207:339 – 47. 

40. Karaman A, Turkmen E, Gursul C, Tas E, Fadillioglu E. Prevention of renal 

ischemia/reperfusion-induced injury in rats by leflunomide. Int J Urol 2006; 13:1434 – 41 

41. Erdogan H, Fadillioglu E, Emre MH. Protection from renal ischemia reperfusion injury 

by an endothelin-A receptor antagonist BQ-123 in relation to nitric oxide production. 

Toxicology 2006; 228:219 –28. 

42. Paller MS, Hoidal JR, Ferris TF. Oxygen free radicals in ischemic acute renal failure in 

the rat. J Clin Invest 1984; 74:1156 – 64. 

43. Feilleux-Duché S, Garlatti M, Aggerbeck M, Poyard M, Bouguet J, Hanoune J, Barouki 

R. Cell specific regulation of cytosolic aspartate aminotransferase by glucocorticoids in 

the rat kidney. Am J Physiol 1993; 265: C1298 - 305. 

44. Guder WG, Ross BD. Enzyme disruption along the nephron. Kidney Int 1984; 26:101 - 

11 

45. Zahid Iqbal Sajid, Farooq Anwar, Ghulam Shabir, Ghulam Rasul, Khalid M. Alkharfy, 

Anwarul-Hassan Gilani. Antioxidant, Antimicrobial Properties and Phenolics of Different 

Solvent Extracts from Bark, Leaves and Seeds of Pongamia pinnata (L.) Pierre. 

Molecules 2012; 17, 3917-3932. 

46. Fadillioglu E, Oztas E, Erdogan H, Yagmurca M, Sogut S, Ucar M, Irmak MK. 

Protective effects of caffeic acid phenethyl ester on doxorubicin-induced cardiotoxicity in 

rats. J Appl Toxicol. 2004; 24:47-52 

47. Yagmurca M, Erdogan H, Iraz M, Songur A, Ucar M, Fadillioglu E. Caffeic acid 

phenethyl ester as a protective agent against doxorubicin nephrotoxicity in rats. Clin 

Chim Acta 2004; 348:27-34 

 


