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ABSTRACT
OBJECTIVE: The aim of the study was to assess the possible protective role of grape seeds extract (GSE) in 
ameliorating the toxic effects of paracetamol overdose on the rat renal cortical tissue.
BACKGROUND: Paracetamol is one of the widely used non-steroidal anti-infl ammatory drugs (NSAIDs). Unfor-
tunately, it was reported as the most common cause of toxic ingestion in the world. Grape seeds extract (GSE) 
is known to have a strong antioxidant and anti-infl ammatory properties.
METHODS: The rats were divided into 4 groups; control group, GSE group, paracetamol group and GSE with 
paracetamol group. Kidney specimens were processed for biochemical, histological and immunohisto-chemical 
studies.
RESULTS: The study showed marked biological changes in the form of signifi cant increase in serum urea and cre-
atinine levels with signifi cant decrease in renal superoxide dismutase with paracetamol group. Furthermore, Proximal 
(PCT) and distal convoluted tubules showed marked degeneration, dense nuclear staining, cytoplasmic vacuoliza-
tion, and partial loss of the brush borders. Most tubules were dilated, irregular and were fi lled with hyaline casts. 
PCT and DCT showed less PAS reaction and more COX-2 and caspase expression if compared with the control 
and the GSE groups. Concomitant administration of grape seeds extract with paracetamol revealed a noticeable 
amelioration of these biochemical and histological changes. Proximal and distal convoluted tubules showed less PAS 
reaction and more COX2 and caspase expression if compared with the control and the GSE. Concomitant adminis-
tration of GSE with paracetamol revealed a noticeable amelioration of these biochemical and histological changes.
CONCLUSION: Grape seeds extract provided biochemical and histo-pathological improvement in paracetamol 
induced renal cortical toxicity. These fi ndings revealed that this improvement was associated with a decrease 
in oxidative damage and apoptosis (Tab. 1, Fig. 7, Ref. 55). Text in PDF www.elis.sk.
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Introduction

Paracetamol is one of the most common NSAIDs widely used 
in the world. It acts as ananalgesic and antipyretic drug. Because 
of its wide availability paired with comparably high toxicity, (com-
pared to aspirin and ibuprofen) there is a much higher potential 
for its toxicity (1). This drug is typically available as a single-
component formula or in combination with other simultaneously 
prescribed drugs. Although most medical practitioners generally 
consider it as the most save drug with fewer side effects than those 
of other analgesic and antipyretic medication, life-threatening 
hepatic toxicity is a clearly recognized adverse complication in 
patients with large dose ingestion (2). It was demonstrated that in 
few circumstances, persons died after taking less than the estimated 
minimum threshold toxic dose of paracetamol because of higher 
sensitivity to its toxic effects; hence, individual risk of toxicity fol-

lowing paracetamol toxicity was diffi cult to assess (3). Although 
nephrotoxicity is less common than hepato-toxicity in paracetamol 
overdose, renal tubular degeneration and acute renal failure can 
occur even in the absence of liver damage (4). Renal insuffi ciency 
occurs in approximately 1–2 % of patients with paracetamol over-
dose (5) and can even lead to death in humans and experimental 
animals (6). Renal toxicity in paracetamol poisoning has been at-
tributed to cytochrome P-450, although other mechanisms have 
been elucidated, including the role of prostaglandin (7).

It has been reported that oxidative stress induced by free oxy-
gen radicals plays a signifi cant role in paracetamol induced nephro-
toxicity (8). Therefore, drugs or plant products having anti-oxidant 
properties might have the potential to prevent paracetamol induced 
nephrotoxicity (9). It is known that GSE has anti-oxidant effect 
that is approximately 50 times greater than that of vitamin E and 
vitamin C (10). Moreover, cell culture studies have reported its 
anti-carcinogenic effect, and its anti-apoptotic effect (11). In ad-
dition to the anti-oxidant and free radical scavenging properties, 
GSE also possess several other effects such as anti-infl ammatory, 
vasodilatory, and inducible NOS inhibiting effect (12).

The aim of this study was to evaluate the possible protective 
effect of GSE on the biochemical, histopathological and immu-
nohisto-chemical alterations in the rat renal cortex induced by 
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paracetamol toxicity and also to study the possible mechanisms 
through which GSE produces its protective effect.

Material and methods

Animals
Twenty four male albino rats at the age of 7–10 weeks, weigh-

ing 190–210 grams were obtained from the National Research 
Center, Cairo, Egypt. Animals were housed in properly ventilated 
cages at room temperature (25 ± 2 °C), 45 ± 5 % humidity, and 
12-h light/dark cycles and were allowed free access to standard 
rodent chow and water. Animals and their care were conducted 
according to the Research Advisory Ethical Committee of Fac-
ulty of Medicine, Minia University, Egypt. After 1 week of ac-
climatization, the rats were divided randomly into four groups of 
6 animals each.

Chemicals
Paracetamol was purchased from Sigma Chemical (St. Lou-

is, MO) and GSE was obtained from GNC standard commercial 
suppliers in Jeddah Saudi Arabia. Rabbit polyclonalCOX2 anti-

body (Abcam, USA), Rabbit Polyclonal caspase 3 antibody (Lab 
Vision, UK), biotinylated goat anti-rabbit secondary antibody 
(Transduction Laboratories, USA), kits for creatinine and urea 
(Diamond diagnostics, Egypt), alkaline phosphatase (BioMed, 
Egypt), reduced glutathione (GSH), catalase and superoxide dis-
mutase (SOD) (Biodiagnostic, Egypt) were purchased. All other 
chemicals were of analytical grade and were obtained from com-
mercial sources.

Experimental design
Animals were randomly divided into four groups as follows:
Control group (group I): It consists of 6 rats which received 

5 ml saline orally by gastric tube for 14 days.
Grape seeds extract (group II): It consists of 6 rats which re-

ceived 250 mg /kg /day grape seeds extract orally for 14 days by 
gastric tube. The dose of GSE was chosen to be effective with no 
adverse effects (13). Paracetamol group (group III): It consists of 
6 rats in which rats received normal saline for 14 days followed by 
single oral dose of paracetamol on the 15th day at a dose of 2 gm/
kg by gastric tube. This dose regimen of paracetamol was previ-
ously reported to induce renal damage in rats (14).

Fig. 1. Effect of GSE on renal MDA (A), serum GSH (B), serum catalase (C) and renal SOD (D) in paracetamol-iduced nephrotoxicity in rats: 
Results represent the mean ± SE (n = 6). a signifi cant (p < 0.05) difference from control group, b signifi cant (p < 0.05) difference from paracetamol 
treated group and c signifi cant (p < 0.05) difference from grape seeds extract treated group.
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Paracetamol and grape seeds group (group IV): It consisted of 
6 rats that received a daily oral dose of GSE of 250 mg/kg/day for 
14 days by gastric tube followed by single oral dose of paracetamol 
2 gm/kg/day by gastric tube at the 15th day.

Treatments were performed between 9.00 and 10.00 am to 
minimize possible diurnal effects. At 48 h after paracetamol in-
gestion for all groups, animals were anesthetized with ether and 
sacrifi ced. Blood samples were collected from each rat for bio-
chemical analysis and tissue samples were also collected for tis-
sue homogenates preparation, histopathological and immunohisto-
chemical studies.

Biochemical analysis
Blood samples were centrifuged (centrifuge Jantezki, T30, 

Germany), at 5000 rpm for 10 minutes for serum collection. Sera 
were separated and kept in refrigerator at –80 °C until assessment 
of various parameters.

Serum levels of creatinine, urea, alkaline phosphatase, cata-
lase, GSH and renal DOS activities were detected according to 
the manufacturers’ guidelines using commercially available kits.

Renal malondialdehyde (MDA), an index of lipid peroxida-
tion, was determined by using 1, 1, 3, 3-tetramethoxypropane as 
standard (15).

Preparation of Tissue Homogenates
Specimens from kidney were weighed and homogenized sepa-

rately in potassium phosphate buffer 10 mM pH (7.4). The ratio 
of tissue weight to homogenization buffer was 1:5. The homog-
enates were centrifuged at 5000 rpm for 10 min at 4°C. The re-
sulting supernatant was kept at –80°c until assessment of MDA 
and SOD levels. 

Histopathology and immunohistochemical study
Fresh small pieces were obtained from each animal and fi xed 

in 10 % neutral-buffered formalin, dehydrated in a graded alco-

hol series, cleared with xylene and embedded in paraffi n wax. 
The sections (5 μm thick) were stained with Hematoxylin and 
Eosin stain (H&E) for studying the general histological structure 
and with Periodic acid Schiff method (PAS) for demonstration of 
neutral muco-substances (16). Additional slides were preceded 
for immunohistochemical study. Immunohistochemical staining 
was performed using polyclonal rabbit antibodies (COX2andcas-
pase 3). Immunohistochemistry for anti-COX2 and anti-active 
caspase 3 was performed on formalin-fi xed, paraffi n-embedded 
tissue. Sections were de-paraffi nized with xylene, dehydrated in 
a graded series of alcohol solutions and then washed in 0.1 M 
phosphate buffer saline (PBS). Endogenous peroxidases were 
quenched by using 3 % H2O2 for 15 min in methanol (Peroxi-
dase blocking solution) followed by washing in tris buffer saline 
(TBS). Non-specifi c binding of IgG was blocked by adding nor-
mal goat serum, diluted 1 : 50 in 0.1 % bovine serum albumin 
with TBS for 30 min. Diluted primary antibodies for anti-COX2 
(1:2000) and anti-caspase 3 (ready to use) were applied on the 
slides overnight at room temperature. Sections then were washed 
perfectly 3 times each for 5 minutes in buffer and incubated for 
further 30 min. with biotinylated goat anti-rabbit secondary an-
tibodies diluted 1 : 1000, followed by several washing. Follow-
ing further 30 min. incubation with Vectastain ABC kits (Avidin, 
Biotinylated horse radish peroxidase Complex) and washing for 
10 minutes, the substrate, diaminobenzidine tetra hydrochloride 
(DAB) in distilled water was applied for 5–10 min. The slides 
were lightly counterstained by using hematoxylin to gain a clear 
morphological identifi cation of cells, and dehydrated by passing 
through ascending concentrations of ethanol then cleared with 
xylene. Cover slip using mounting media is put. This substrate 
gives a clear brown stain at the immune-reactive sites (17). The 
positive control for anti-COX2 antibody was  lung carcinoma 
while positive control for the anti-caspase 3 antibody was human 
tonsil. For negative control slides, the same steps, but without the 
1ry antibody (not included).

Fig. 2. A photomicrograph of renal cortex of group I (a) and group II ( b ) stained by H&E showing normal organization of the renal cortex. 
The insets showing the glomerular capillary tufts (g), the parietal layer of Bowman’s capsule (arrow), and Bowman’s space (s). PCTs (p) have 
a narrow lumen and a highly acidophilic cytoplasm. DCTs (d) have a wider lumen and less acidophilic cytoplasm. Notice the macula densa 
cells (dash arrow) of the DCTs. (Magnifi cation x100 and insets x400).
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Photography
An Olympus (U.TV0.5XC-3) light microscopy was used. 

Slides were photographed using an Olympus digital camera. Im-
ages were processed using Adobe Photoshop.

The mean area fraction of anti-COX2 and anti-caspase 3 ex-
pression wasquantifi ed in 6 fi elds for each group using image
J 22 program. 

Statistical analysis
Results were expressed as means ± standard error of mean 

(SEM). One-way analysis of variance (ANOVA) followed by the 
Tukey–Kramar post analysis test were used to analyze the results 
for statistically signifi cant difference P value was used identify the 
effect of the treatment on the biochemical and immunological mark-
ers, and comparison between treatment groups respectively. Less 
than 0.05 p values were considered signifi cant. Graph Pad Prism was 
used for statistical calculations (version 3.02 for Windows, Graph 
pad Software, San Diego California USA, and www.graphpad.com). 

Results

Biochemical study
Serum creatinine, urea and alkaline phosphatase were signifi -

cantly increased in the paracetamol treated group as compared to 
the control group. GSE solely or in combination with paracetamol 
caused a signifi cant decrease in serum creatinine, urea and alka-
line phosphatase as compared to the paracetamol treated group 
(table 1). 

Furthermore, Paracetamol caused signifi cant increase in renal 
MDA level with signifi cant decrease in renal SOD, serum GSH 
and catalase as compared to the control group. On the other hand, 
co- administration of GSEand paracetamolsignifi cantly improved 
these parameters when compared with paracetamoltreated group;it 
caused signifi cant decrease in renal MDA level with signifi cant 
increase in renal SOD, serum GSH and catalase as compared to 
the paracetamol group (Fig. 1).

Groups Control group GSE- treated group Paracetamol treated group GSE+paracetamol treated group
Urea (mg/dl) 21.67±1.45 28.83±3.75b 88.50±5.03a 45.67±2.11 ab

Serum creatinine (mg/dl) 0.77±0.12 0.79±0.09b 3.58± 0.30a 1.2±0.15b

Serum alkaline phosphatase (U/L) 101.67±6.28 106.6±5.85b 157.92±3.98a 119.51±4.4b

Results represent the mean ± SE (n = 6), a Signifi cant (p < 0.05) difference from control group, b signifi cant (p < 0.05) difference from paracetamol treated group and c sig-
nifi cant (p < 0.05) difference from grape seeds extract treated group

Tab. 1. Effect of grape seed extract on serum creatinine, urea and alkaline phosphatase in paracetamol-induced nephrotoxicity in rats.

Fig. 3. A photomicrograph of renal cortex of group III stained by H&E showing a) Vascular dilatation-(black &yellow stars) and widening 
of inter-tubular space (black arrow head). Most tubules are cystic dilated and irregular in shape with hyaline casts in their lumen (dash red 
arrows). b) Rupture artery (dash blue arrow), widening inter-tubular space (black arrow head). The inset showing Intra-luminal debris (red 
arrow heads), discontinuity endothelial layer (green arrow head) and muscular layer (blue star) and extravasation of RBCs (black circle). c) 
Higher magnifi cation showing tubular cells with small rounded eccentric nucleus and strongly acidophilic cytoplasm (yellow arrow heads). Some 
tubular cells appear with fl atted lined nuclei (blue arrow head). Notice the vacuolization of PCT (red circle) and DCT (black circle) cells and 
the intra luminal cellular debris (blue arrow) d) Distorted renal glomerulus with widening of Bowmann’s spaces (g). Notice the distorted renal 
tubules (red stars) and inter-tubular hemorrhage (h). e) The amyloidal substance (dash green arrows). (Magnifi cation x100 and insets, c) x400).
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Fig. 4. A photomicrograph of renal cortex of group IV stained by H&E showing. a) Most of the renal corpuscles (g), PCT (p) and DCT (d) restore 
their normal architecture. No visible intra-luminal cast or amyloidal substance. Notice area of wide inter-tubular space (black arrow head) and 
some dilated tubules (dash red arrows). No visible hemorrhage or edematous areas are noticed. b) Most PCTs and DCTs retained their appar-
ently normal lining epithelial (blue arrow head). Few cells appear with small dark nucleus (yellow arrow head). Notice the Less vacuolization 
of PCT (red circle), DCT (black circle) and some intra-tubular debris (blue arrow). Magnifi cation a) x100 and b) x400)

a b

Fig. 5. A photomicrograph of renal cortex stained with PAS. a) &b are group I &II showing the same positive PAS reaction in the BMs of PCT 
(dash red circles) and DCT (dash black circles) cells. Notice the staining of brush borders (stars) of the PCT cells. C) Group III showing that 
most PCTs (dash red circles) and DCTs (dash black circles) showing interruption of the BMs at many sites. The brush borders of PCT cells 
show less PAS reaction (star). Notice the detached BM in some tubules (dash yellow circle). d) Group IV showing that most PCT (dash red 
circles) and DCT (dash black circles) cells retained their apparent normal BMs. Notice the reappearance of brush border in few PCTs (stars). 
(Magnifi cation x400)
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Histological study
Histological study renal cortex using hematoxylin and eosin 

Group I and II had the same histological structure. The renal 
cortex contained numerous renal corpuscles, proximal (PCT) and 
distal (DCT) convoluted tubules. The renal corpuscles showed 
tufts of capillaries, the glomeruli which surrounded by the Bow-
man’s capsules. The Bowman’s spaces were shown between the 
glomeruli and Bowman’s capsules. Both parietal and visceral lay-
ers of each Bowman’s capsule were distinct. The parietal layers 
of Bowman’s capsules were lined by simple squamous epithe-
lium. The glomer uli were shown to be in intimate contact with 
the visceral layers of Bowman’s capsules. The PCTs were lined 
with thick large cubical epithelium with acidophilic cytoplasm. It 
had rounded vesicular nuclei. The DCTs lined with considerably 
lower cubical epithelium surrounding relatively by larger regular 
distinct lumens with less acidophilic cytoplasm than the cells of 
the PCTs. It had a lso rounded vesicular nuclei. The macula densa 
were clearly identifi ed where their cells were narrow, pale, and 
tall collectively, viewed with the light microscope as a dense spots 
(Figs 2a and 2b). 

The renal cortex of group III revealed marked renal cortical 
distortion with vascular dilatation (Fig. 3a). In some sections, 
damage of arterial wall with extravasation of blood element and 
discontinuous endothelial and muscular layer were noticed (Fig. 
3b). The renal tubules were widely spaced and fi lled with amor-

phous hyaline casts (Fig. 3a). Regarding tubular cells, some PCTs 
and DCTs showed small eccentric nuclei with strong acidophilic 
cytoplasm, others showed cytoplasmic vacuolization. Evident of 
intraluminal cellular debris was also clear (Fig. 3c). Renal glom-
eruli became distorted and shrunken with apparent widening of 
the Bowman’s spaces (Fig. 3d). Many section showed multiple 
areas of amyloid substance deposition (Fig. 3e).

Sections of the renal cortex of group IV showed improvement 
of renal cortical morphology which approached the correspond-
ing normal renal cortical sections. No visible hemorrhage, intra-
luminal hyaline casts or amyloidal substances were noticed. Most 
of the glomeruli, PCTs and DCTs appeared to restore their normal 
structure and retained their apparently normal lining epithelium 
(Fig. 4a). Less intra-luminal debris and tubular cell vacuolization 
were also noticed. Only few cells appeared with dark nuclei (Fig. 
4b). Still scattered areas showed wide inter-tubular space and di-
lated cortical tubules (Fig. 4a).

Histological study of renal cortex using periodic acid-schiff (PAS)
In group I& II, the renal cortical tissues showed positive PAS 

reactions in the basement membranes (BMs) of PCT and DCT 
cells. It was also observed in the intact apical brush borders of 
PCT cells (Figs 5a and 5b). In group III, there was less PAS posi-
tive staining in the BMs of PCT and DCT cells in comparison 
with previous groups as most PCTs and DCTs showed interrup-

Fig. 6. A photomicrograph of renal cortex immuno-stained for COX2.
 
a) and b) Group I &II respectively showing the same cytoplasmic expres-

sion in macula densa cells (dash black arrow). Notice the faint expression in the renal tubular cells (c). C) Group III showing deeply stained 
cytoplasmic expression in macula densa cells (dash black arrow). Notice that most renal tubular cells (c) showing deeply COX2 cytoplasmic 
expression. d) Group IV showing strong cytoplasmic expression in macula densa cells (dash black arrow) but with less observable cytoplasmic 
expression in the renal tubular cells (c). (Magnifi cation x400). e) Histogram II; showing the mean area fraction of COX2 in groups I, II, III and 
IV. Results represent the mean ± SE (n = 6). a signifi cant (p < 0.05) difference from group I, b signifi cant (p < 0.05) difference from group III 
group and c signifi cant (p < 0.05) difference from group II treated group.
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tion of their BMs at many sites. The brush borders of PCT cells 
showed less PAS reaction. Some sections of the renal cortex of 
this group showed detachment of many tubular epithelial cells 
from their BMs (Fig. 5c). In group IV; nearly all PCTs and DCTs 
cells retained their apparent normal basement membrane PAS 
staining. Reappearance of the brush borders in some PCTs was 
noticed (Fig. 5d).

Immunohistochemical study
Immunohistochemical study of the rat renal cortical tissues using 
anti-COX2 antibody

For immunohistochemical study COX2 was used as a marker 
of infl ammation. COX2 expression appeared as cytoplasmic brown 
staining. Group I and II showed cytoplasmic expression in few 
macula densa cells of DCTs, while the cells of the renal tubular 
cells displayed faint COX2 immuno-reactivity (Figs 6a and 6b). 
In group III; dense expression in the macula densa cells of DCTs 
was observed. Most of the cortical renal tubules showed also dense 
positive expression. The expression was mainly cytoplasmic (Fig. 
6c). In group IV, most of the renal cortical tubules showed faint 
cytoplasmic expression except in the macula densa cells of dis-
tal tubules that showed dense cytoplasmic expression (Fig. 6d).

The mean area fraction of COX2 for all groups is presented in 
Histogram I; there was a signifi cant increase in group III compared 
to group I, while there was signifi cant decrease in group IV when 
compared to group III (Fig. 6e). 

a b c

d e

Fig. 7. A photomicrograph of renal cortex immuno-stained for caspase 3. a)  & b Group I and Group IIrespectively showing negative immu-
no-reactivity. c) Group III showing high nuclear (yellow arrow heads) and cytoplasmic expression (C) in the renal tubular cells). Positive ex-
pression is evident in the glomeruli (curved arrow). d) Group IV showing apparent decrease in nuclear (yellow arrow heads) and cytoplasmic 
(C) expression in most renal tubules. Few glomerular cells (C) showing weak cytoplasmic expression. (Magnifi cation x400). e) Histogram II; 
showing the mean area fraction of caspase 3 in groups I, II, III and IV. Results represent the mean ± SE (n = 6). a signifi cant (p < 0.05) differ-
ence from group I, b signifi cant (p < 0.05) difference from group III group and c signifi cant (p < 0.05) difference from group II treated group.

Immunohistochemical study of the rat renal cortical tissues using 
anti-caspase 3 antibody

As a marker of apoptosis, immune histochemical staining for 
anti-caspase 3 was used. Caspase 3 expression appeared as brown 
staining either nuclear or cytoplasmic. Immunohistochemical stain-
ing of group I and II revealed a negative caspase 3 activity (Figs 
7a and 7b), while in group III caspase 3 is highly expressed in the 
cytoplasm and nuclei of the cells lining renal tubules. Also positive 
nuclear expression was noticed in the glomeruli (Fig. 7c). Con-
comitant administration of GSE with paracetamol apparently re-
duced caspase 3 expression in both tubules and glomeruli (Fig. 7d).

The mean area fraction of caspase 3 for all groups is presented 
in Histogram II; there was a signifi cant increase in group III com-
pared to group I, while there was signifi cant decrease in group IV 
when compared to group III (Fig. 7e).

Discussion

Although the hepato-toxic mechanism of paracetamol toxicity 
is well described, there is a little evidence of the nephrotoxic mech-
anism of paracetamol. Based on the clinical and animal studies, 
some of the potential mechanisms of nephrotoxicity are N-deacet-
ylase enzymes, the cytochrome P-450 pathway and prostaglandin 
synthesis (18). The selective renal accumulation of NSAIDs in-
cluding paracetamol both in animal and human is thought to result 
in a chain of biochemical reactions which lead to acute or chronic 
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nephropathies (19). With overdose of paracetamol, the reactive 
derivative of paracetamol occurred by the P-450-dependent me-
tabolism, N-acetyl-P-benzoquinone imine could not be detoxifi ed 
by GSH and depleted GSH levels lead to liver necrosis and liver 
failure (20). Loss of glutathione with an increased formation of 
reactive oxygen species and increased oxidative stress are essen-
tial events of the toxicity mechanism. Toxic dose of paracetamol 
is due to some metabolic disorders such as serum electrolytes, al-
kaline phosphatase, creatinine and urea de-arrangements. Serum 
creatinine and urea are considered nephrotoxicity markers, but 
serum urea concentration is more reliable (21).

Administration of toxic single dose of paracetamol showed 
signifi cant increase in serum level of urea, alkaline phosphatase 
enzyme and creatinine as compared to control & GSE group. These 
results were in consistence with the experimental fi ndings (22) and 
similar to that clinically reported before (23). Also, elevation of 
serum alkaline phosphatase induced by toxic dose of paracetamol 
was considered as specifi c marker of renal infl ammation (24).

Studies of Karadeniz et al (25) and Ajami et al (26) demon-
strated increase in the levels of creatinine and urea due to strong 
correlation between nephrotoxicity and oxidative stress. The el-
evated H2O2 and O2– production alters the fi ltration surface area 
and modifi es the fi ltration coeffi cient; both factors could decrease 
the glomerular fi ltration leading to accumulation of urea and cre-
atinine in the blood.

Malondialdehyde can be stimulated by free radicals (27). In-
creased level of MDA refl ected tissue damage (28), SOD and GSH 
are key anti-oxidant defense system enzymes to detoxify reactive 
molecules or repair the resulting damage in the cell (29).

Paracetamol in acute single toxic dose elicited signifi cant in-
crease in the level of renal MDA with signifi cant decrease in renal 
SOD, serum GSH and serum catalase. These results were supported 
by a previous (22) that observed a signifi cant decrease in the levels
of SOD and GSH with signifi cant increase in MDA after acute 
paracetamol overdose administration. Signifi cant decrease in levels 
of SOD and catalase after acute paracetamol overdose administra-
tion to rats is based on the observation that paracetamol overdose 
enhances lipid peroxidation or inactivates the anti-oxidative en-
zymes. (30). In renal injury, superoxide radicals are generated at 
the site of damage and modulate catalase and SOD, resulting in 
the loss of activity and accumulation of superoxide radical, which 
damages kidney. Catalase and SOD are the most important en-
zymes which affect the oxygen metabolism (31).

Current evidence suggests that intra-cellular GSH played an 
important role in detoxication of paracetamol with decrease of its 
toxicity in the liver and kidney (32). The reactive oxygen species 
appeared as an early event before intracellular GSH depletion and 
cell damage in paracetamol toxicity (33). 

These biochemical alterations were corroborated by the histo-
logical fi ndings. This study showed various morphological changes 
in the renal cortex after paracetamol ingestion, in the form of; in-
terstitial hemorrhages, glomerular and tubular cell degeneration 
and renal infl ammation. These fi ndings were supported by Trumper 
et al (34) who reported that paracetamol overdose produced acute 
tubular necrosis in male rats. These results were also in compli-

ance with Ganga et al (35) who described the renal histological 
alterations following overdose administration of paracetamol.

Regarding the dilated tubules observed in this study, San-
chez et al (36) explained that dilatation might be a compensatory 
mechanism after loss of renal excretory function of nephrons by 
tubular degeneration.

Examination of renal cortical tubules of paracetamol treated 
group showed amorphous protein casts in their dilated lumen. This 
fi nding was reinforced by the recorded result which mention that 
there were multiple hyaline casts and epithelial cells in urinary 
sediments after single intra-peritoneal dose of 1 gm/kg paracetamol 
(37). The presence of these amorphous substances in the renal 
tubular lumens might be an indication of glomerulonephritis and 
or incapability of these tubules to counter the accumulated resi-
dues resulting from metabolic and structural alterations (38). The 
necrotic epithelial cells enhanced the matrix for intraluminal cast 
formation which eventually resulted in tubular obstruction (39).

Extravasation of RBCs and dilated blood vessels were also 
encountered in the interstitium of the renal cortex. Congested 
blood vessels and extravasation of RBCs were a clear fi nding after 
acute paracetamol exposure (22). Extravasation of RBCs could be 
explained before; as a result of increase in vascular permeability 
by affecting the communicating units between endothelium of the 
venues and capillaries; hemorrhage occurred (40).

Loss of integrity and distortion of the brush borders of PCT 
observed in this work, was agreement with Mohamed et al (41) 
who added that paracetamol caused a reduction in alkaline phos-
phatase activity in the brush border membrane of PCTs and an 
increase in the urinary excretion of the brush border membrane 
enzyme γ-glutamyl trans-peptidase so it was observed that these 
brush borders seemed to be very sensitive to this drug.

Paracetamol caused dense COX2 cytoplasmic expression in the 
macula densa cells of DCTs and most cortical tubules. This was in 
line with De Broe et al (42) who suggested increased reno-cortical 
COX2 expression and prostaglandin E2 formation after high dose 
of paracetamol ingestion. It was also supported by Damera et al 
(24) who added that paracetamol induced sever infl ammation in 
renal cortical tissue.

Features of apoptosis were clearly observed in tubular cells. It 
was in the form of dark strong acidophilic cytoplasm with dense 
eccentric nuclei. Caspase 3 was highly expressed in the cytoplasm 
and nuclei lining renal tubules and in the glomerular cells. The 
apoptosis noticed in this study was explained by Corina et al (43) 
who found that paracetamol induced apoptosis of cultured murine 
tubular epithelial cells through a caspase-mediated mechanism 
that involves caspase-3 and caspase-9. Caspase-12 has been re-
ported to cleave caspase-9 in vitro in the absence of cytochrome 
C. This raises the possibility that caspase-12 is the apical caspase 
in paracetamol-induced apoptosis in tubular epithelial cells. Fouad 
et al (44) found also severe apoptotic bodies after a single oral dose 
of 2.5 g/kg of paracetamol. 

Administration of GSE signifi cantly reduced the toxic effects 
of paracetamol on the kidneys. The nephroprotective properties of 
GSE may be due to its positive effects on the anti-oxidant system 
(45) and its anti-infl ammatory effect (46). GSE showed a broad 
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spectrum of pharmacological, therapeutic and medical proper-
ties (47, 48).

The present work indicated that pretreatment with GSE 
showed signifi cant amelioration in the lipid peroxidation caused 
by paracetamol in the form of decreased MDA level, accompanied 
by enhanced activities of catalase and SOD and increased GSH 
content, also it signifi cantly improved the elevation in serum level 
of urea, creatinine and alkaline phosphatase. These results were 
supported by other fi ndings (49) which demonstrated that GSE 
treatment signifi cantly improved anti-oxidant status and decreased 
MDA in the ethylene glycol-induced nephrotoxic mice. Also they 
were in agreement with previous studies (50) which demonstrated 
that treatment with GSE improved oxidative stress and the eleva-
tion of TNF-α production after paracetamol toxicity in rat liver. 

In the current study there was a considerable amelioration in 
the morphological changes of renal cortical tissue when GSE was 
given with paracetamol. These fi nding was in line with other in-
vestigators (51)who suggested that GSE provided histopathologi-
cal amelioration after contrast induced nephropathy. It was also in 
agreement with other work which suggested that GSE has a strong 
reactive oxygen species scavenging and anti-oxidant features (52).

Signifi cant decrease in infl ammation was noticed by concomi-
tant administration of GSE with paracetamol and it was clearly 
noticed by immunohistochemistry COX2 staining. This fi nding 
was in line with Terra et al (53) who suggested that GSE reduced 
pro-infl ammatory cytokines so it has an anti-infl ammatory effect.

Furthermore, the nephroprotective property of the GSE was 
confi rmed by signifi cant decrease of in apoptotic cell and it was 
explained by Ballu et al (54) who found that GSE had a good 
protection against DNA damage in ischemia-reperfusion injury 
model as it inhibited oxidative damage to DNA as it blocks cell 
death signaling. It was also in line with Ye et al (55), who sug-
gested GSE had a clear killing effect on the tumor cells without 
hurting the normal cells.

In conclusion, grape seeds extract was found to have a great 
benefi cial effect in the biochemical and renal-cortical changes 
observed as a results of paracetamol overdose. Oxidative stress is 
one of the mechanisms by which paracetamol causes renal dam-
age. Grape seeds extract, through its antioxidant properties may 
offer a promising natural and safe new trend for the prevention of 
paracetamol renal toxicity.
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