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Protective Effect of Grape Seed Extract on Gentamicin-
Induced Acute Kidney Injury
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Introduction. This study was designed to determine the protective 
effect of red grape seed extract (RGSE) on gentamicin-induced 
nephrotoxicity in rats.
Materials and Methods. Thirty male Wistar rats were divided into 
3 groups to receive RGSE, for 60 days followed by intraperitoneal 
injection of saline solution (as placebo) for 8 days (group 1); RGSE 
followed by gentamicin for 8 days (group 2); and gentamicin 
without pre-medication of RGSE (group 3). Oral RGSE, 40 mg/
kg/d, and intraperitoneal injection of gentamicin, 100 mg/kg/d, 
were administered in these groups of rats. Blood and urine samples 
were collected on days 0 and 68 of the study. Then, the kidneys 
were removed for pathologic examination.
Results. On day 68, serum creatinine and blood urea nitrogen 
concentrations were highest in group 3, which was significantly 
higher than in group 1 (P = .001 and P = .004, respectively), while 
slightly higher than in group 2 (P = .30 and P = .50, respectively). 
Fractional excretion of sodium was not significantly different 
between the three groups. Histopathological evaluation showed 
that rats in group 3 had significantly higher degrees of severe acute 
tubular necrosis and interstitial mononuclear cell infiltration than 
the rats in groups 1 and 2 (P < .001).
Conclusions. This animal study suggests that pretreatment with 
RGSE protects against gentamicin-induced acute kidney injury as 
evident on tissue histology. However, this was not accompanied 
with significant improvement in biochemical markers of kidney 
injury.
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INTRODUCTION
Gentamicin is a commonly used aminoglycoside 

antibiotic that is effective against most of gram-
negative microorganisms. It has high antibacterial 
efficacy, rapid onset of action, low rate of true 
resistance, synergy with β-lactam antibiotics, and 
low cost; however, therapeutic doses of gentamicin 
can cause nephrotoxicity, and it is among the 

most common causes of acute kidney injury.1 
Although the change in gentamicin dosing from 
multiple-daily to once-daily doses has reduced 
the risk of acute kidney injury, in 10% to 30% 
of patients, especially when administered for 
more than 7 days in an intensive care unit,2-4 
it contributes to both increased morbidity and 
healthcare cost.5
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Nephrotoxici ty  caused by gentamicin is 
characterized by nonoliguric acute kidney failure. 
It decreases renal blood flow rate and urinary 
concentrating ability, and eventually leads to 
renal insufficiency.6 Pathologically, gentamicin-
induced nephrotoxicity is characterized by tubular 
damage, which is localized predominantly in 
the proximal tubules.7 This is due to extensive 
accumulation of gentamicin in the kidney cortex. 
Although the polyanionic inositol phospholipids 
are believed to be the major anionic–membrane-
binding sites for aminoglycosides, megalin, a 
member of the low-density lipoprotein receptor 
family of glycoproteins, has been shown to 
mediate, at least in part, the proximal tubular 
uptake of aminoglycosides.8,9 After endocytosis, 
aminoglycosides accumulate in lysosomes. These 
lysosomes eventually swell up with excessive lipid 
debris, giving the classic electron-microscopic 
appearance of myelin figures.6

Gentamicin induces superoxide stress anions and 
hydroxyl radical production in the mitochondria,10,11 
and acts as an iron chelator. Iron-gentamicin 
complex is a potent catalyst of free radical 
formation.12 Moreover, gentamicin enhances the 
generation of reactive oxygen species, which could 
be important mediators for nephrotoxicity.13,14

It has been shown that chelators and antioxidants 
reduce gentamicin-induced oxidative stress, both 
in vitro and in vivo.15-20 Various agents have been 
shown to reduce gentamicin-induced renal injury, 
including vitamin E, vitamin C, melatonin, zinc, 
glycyrrhizin, Ginkgo biloba extract, diallyl disulfide, 
manganese chloride, garlic extract, chelerythrine, 
transresveratrol, selenium, lycopene, taurine, 
clusterin, curcumin, Hemidesmus indicus, Rhazya 
stricta, carnosine, spirulina, coffeic acid phenethyl 
ester, and L-carnitine.19-27

Red grape seed extract (RGSE) contains plant 
flavonoids, ie, proanthocyanidins oligomers. 
Flavonoids are potent antioxidants and exert many 
health-promoting effects.28-30 The antioxidant effect 
of proanthocyanidin oligomers is approximately 
50 times greater than that of vitamin C and 
vitamin E.31 Since the antioxidant properties of 
RGSE have been shown in the previous studies, 
and free oxygen radicals mediate gentamicin-
induced nephrotoxicity, we designed this study 
on the effects of RGSE on gentamicin-induced 
nephrotoxicity.

MATERIALS AND METHODS
Animals and Diet

Thirty adult male Wistar rats, weighing 180 g 
to 200 g, were provided from our local veterinary 
research institute. The rats were acclimated for 4 
weeks before enrolling in the study. They were 
maintained in controlled room with a temperature 
of 23 ± 2oC, humidity of 60 ± 5%, and a 12-hour 
light-dark cycle without any stressful stimuli. All 
the rats were housed in plastic cages under standard 
condition and had free access to water and standard 
diet. The diet comprised of 3000 Kcal/kg, 20% crude 
protein, 0.6% lysine, 0.8% methionine and cystine, 
0.6% calcium, 0.4% absorbable phosphate, 0.5% 
sodium chloride, 6% crude lipid, and 6% crude 
fiber. The Animal-Humane ethics committee of 
Tabriz University of Medical Sciences approved 
the study protocol.

The rats were assigned randomly into 3 groups; 
10 rats per each group. Group 1, the negative control 
group, were treated with 40 mg/kg/d of RGSE, 
orally for 60 days, followed by 0.9% sodium chloride 
(2.5 mL) as placebo, injected intraperitoneally for 
additional 8 days. Group 2, the case group, were 
treated with 40 mg/kg/d of RGSE, orally for 
60 days, followed by 100 mg/kg/d (2.5 mL) of 
gentamicin (Razi Pharmaceuticals, Tehran, Iran), 
injected intraperitoneally for additional 8 days. 
Group 3, the positive control group, did not receive 
RGSE during the initial 60 days, but received 100 
mg/kg/d of gentamicin (2.5 mL) for 8 days.

Red Grape Seed Extract Preparation
Red grape seed extract was produced through 

5 steps in the Drug Applied Research Center 
(DARC), Tabriz University of Medical Sciences, 
as follows: after removing red grape seeds from 
their pulps, they were dried by exposure to 70oC 
temperature for 30 minutes. The dried seeds were 
grinded into a powder. The powder was dissolved 
in N-Hexan, centrifuged for 30 minutes, and then 
sieved. The yielded dross underwent this process 
for 3 times. In the 3rd step, the dross was dissolved 
in methanol, centrifuged for 30 minutes and was 
sieved for 3 more times. The solution (comprised 
of methanol solvent plus grape seeds extract) 
was dried at 4oC. The extract was separated from 
solvent, collected, and stored in refrigerator. The 
antioxidant power of the product was determined 
by diphenyl picrylhydrazyl procedure as RC50 = 
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4 × 103 mg/mL.32,33 Finally, starch was added to 
the extract at 1:1 ratio to form pellets, which were 
easily chewable and eatable by the rats.

Biochemical and Histological Evaluations
Blood sampling (via ethmoid sinuses) and 24-

hour urine collection (by urine collectors specifically 
designed in our laboratory) were done on the 1st 
and the 68th days of the study. After centrifuging 
whole blood samples at 5000 rpm for 5 minutes 
at 4oC, erytrocytes were removed and the serum 
samples were stored at -70oC until biochemical 
analysis were done. Blood urea nitrogen (BUN), 
and serum and urine creatinine levels were 
measured by urease and Jaffe methods, respectively, 
using the Alcyon Autoanalyzer (Abbott Park, 
Chicago, Illinois, USA). Serum and urine sodium 
concentrations were determined by Corning 480 
flame photometer (Halstead, Essex, UK). Fractional 
excretion of sodium (FENa) was calculated by the 
standard formula as described below:

FENa = (urine sodium × serum creatinine)/(urine 
creatinine × serum sodium) × 100

At the end of the study, the rats were sacrificed 
during deep anesthesia and their kidneys were 
removed after cutting off the pedicles, and were 
fixed by immersion in 10% formaldehyde for 
1 day. After dehydration, the specimens were 
embedded in paraffin and cut into multiple 3-µm 
sections and stained with hematoxylin-eosin for 
light microscopic evaluation.

The degree of tubular injury was scored based 
on the Klausner classification.34 The histological 
injuries were semiquantitatively scored as minimal 
(score 1, < 5% of tubules involved), mild (score 2, 
5% to 25% of tubules involved), moderate (score 
3, 25% to 75% of tubules involved), and severe 
(score 4, > 75% of tubules involved), by an expert 
pathologist blinded to the study groups.

Data Analyses
Statistical analyses were performed by the SPSS 

software (Statistical Package for the Social Sciences, 
version 11.0, SPSS Inc, Chicago, Ill, USA). Results 
were presented as mean values ± standard deviation. 
The paired t test and analysis of variance were 
used for comparisons between parametric data. 
The Mann-Whitney U test and chi-square test were 
used for analysis of nonparametric and categorical 
data, respectively. Correlations were tested using 
the Pearson linear correlation. P values less than 
.05 were considered significance.

RESULTS
Serum creatinine and BUN levels, urine volume, 

and FENa, before and after injections, are shown in 
the Table. At baseline, there were no significant 
differences in serum creatinine or BUN levels 
between the three groups. At the end of the 
experiments (day 68), serum creatinine and BUN 
were highest in the rats of group 3 that received 
gentamicin but not RGSE; they were significantly 
higher in group 3 than in group 1 with RGSE but 
no gentamicin (P = .001 and P = .004, respectively), 
but they it did not reach statistical significance 
when compared with the values in group 2 with 
both gentamicin and RGSE (P = .30 and P = .50, 
respectively). In group 1, serum creatinine and BUN 
concentrations did not change significantly during 
the study period. There were also no significant 
differences in the 24-hour urine volumes or the of 
FENa values between the three groups neither at 
baseline, nor at the end of the study period.

Histopathological Findings
In group 1, no significant dilatation/atrophy 

was seen in the proximal and distal tubules. 
Tubular epithelium appeared normal, and there 
was no interstitial infiltration with mononuclear 

Group 1
RGSE+, Gentamicin-

Group 2
RGSE+, Gentamicin+

Group 3
RGSE-, Gentamicin+

Variables Baseline Day 68 P Baseline Day 68 P Baseline Day 68 P
Serum creatinine, mg/dL 0.79 ± 0.10 0.83 ± 0.10* .50 0.76 ± 0.16 1.73 ± 0.64 .003 0.65 ± 0.04 2.22 ± 1.35* .001
BUN, mg/dL 53.0 ± 9.4 51.8 ± 12.8† .80 45.4 ± 10.6 141.6 ± 80.5 .005 37.8 ± 0.8 165.4 ± 86.0† .002
Urine volume, mL/24 h 5.47 ± 1.21 5.15 ± 0.67 .70 4.72 ± 0.73 4.62 ± 0.56 .90 4.60 ± 0.90 5.00 ± 0.79 .50
FENa, % 1.6 ± 1.4 1.4 ± 1.1 .80 0.5 ± 0.9 0.5 ± 1.1 .10 1.2 ± 1.3 1.4 ± 1.3 .90

Serum Creatinine, Blood Urea Nitrogen (BUN), Daily Urine Volume, and Fractional Excretion of Sodium (FENa) in the Three Rat Groups 
Receiving Red Grape Seed Extract (RGSE) and/or Gentamicin

*Group 3 versus group 1, P = .001
†Group 3 versus Group 1, P = .004
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cells. Glomeruli were also normal (Figure 1). In 
group 2, there was a mild-to-moderate degree 
of tubular damage. Tubular lumens were almost 
normal. Mild interstitial lymphocytic infiltrate 
and vascular congestion were seen in the cortex 
(Figure 2). Tubular damage was estimated as mild 
to moderate based on the Klausner classification. 
In group 3, lumens of the majority of the tubules 
of the cortex were very much dilated with flattened 
epithelia and loss of continuity of the epithelial cells. 
Epithelial cells nuclei were dense in both proximal 
and distal tubules. There was severe lymphocytic 
infiltration in the interstitium of the cortex. 
Interstitial fibroblasts had dense nuclei (Figure 3). 
Tubular damage was estimated as moderate to 
severe based on the Klausner classification.

In a semi-quantitative analysis of tubulo-
interstitial injury, according to the Klausner’s 
method, mean values for groups 1, 2, and 3 were 
zero, 1.60 ± 0.25, and 2.6 ± 0.25, respectively. The 

scores were significantly higher in groups 2 and 
3 versus group 1, and in group 3 versus group 2 
(P < .001). This finding showed that RGSE had, to 
some extend, protected the rat tubulo-interstitium 
from gentamicin nephrotoxicity.

DISCUSSION
Reactive oxygen species have been implemented 

in gentamicin nephrotoxicity.13,14 Several agents 
that scavenge or interfere with the production of 
reactive oxygen species have been used to ameliorate 
gentamicin nephrotoxicity.35 It has been shown 
that RGSE can increase the activity of antioxidant 
enzymes and can prevent lipoperoxidation.36-40 
The present study extends the beneficial role of 
RGSE, in reduction of gentamicin nephrotoxicity.

Red grape seed extract, now available as a dietary 
supplement, contains a number of polyphenols 
including procyanidins and proanthocyanidins, 
which are powerful free radical scavengers.32-41 
It has been shown to have a protective effect 
in acetaminophen hepatotoxicity by reducing 
hepatocyte cell death.42,43 Both acetaminophen 
hepatotoxicity and aminoglycoside nephrotoxicity 
are thought to be due to the free radical accumulation. 
Thus, the protective mechanism of RGSE may be 
similar in these models of nephrotoxicity and 
hepatotoxicity.

The exact chemical characteristics and the 
mechanism of action of RGSE have not yet been 
completely understood, and the experimental 
findings are inconsistent. Some studies have shown 

Figure 1. Normal appearance of renal tubules, interstitium, and 
glomeruli of rats in group 1 (hematoxylin-eosin, × 400).

Figure 2. There was a mild degree of lymphocytic interstitial 
infiltration (arrow) in the kidneys of rats in group 2. Tubular 
damage was estimated as mild to moderate (hematoxylin-eosin, 
× 400).

Figure 3. Lumens of the majority of tubules in rats of group 3 are 
very much dilated with flattened epithelium, lack of continuity, 
and loss of epithelial cells. Epithelial cells nuclei are dense in 
both proximal and distal tubules. There is moderate-to-severe 
lymphocytic infiltration in the cortical interstitium (arrow). Tubular 
damage was estimated as moderate to severe (hematoxylin-
eosin, × 400).
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that RGSE has beneficial effects in prevention of 
colorectal cancer,44 and it also prevents low-density 
lipoprotein oxidation,38-40 predominantly through 
its antioxidant properties.37 Another effect of 
RGSE is its DNA protection. It inhibits oxidative 
damage to DNA in the ischemia-reperfusion injury 
model.30 Red grape seed extract also blocks cell 
death signaling. Long-term treatment with RGSE 
would increase expression of bcl-xl and prevents 
DNA fragmentation.42,43 Moreover, RGSE also 
reduces pro-inflammatory cytokines and has an 
anti-inflammatory effect.45,46 The inflammatory 
cytokines play an important role in acute kidney 
injury associated with gentamicin nephrotoxicity.47,48

Another mechanism in gentamicin-induced 
kidney damage is the disturbances in glomerular 
filtration regulation by nitric oxide.49 Nitric oxide 
might be decreased as a result of its reaction with 
superoxide anions produced by gentamicin.50,51 
Red grape seed extract could prevent deterioration 
of glomerular filtration rate by increasing nitric 
oxide production.52

In the present study, RGSE significantly reduced 
histological damage induced by gentamicin injection, 
as shown by a previous study as well.36 Furthermore, 
serum creatinine and BUN incremented less in the 
rats treated with RGSE; however, the difference 
did not reach statistical significance. This could 
be due to our small sample size, short duration 
of exposure to gentamicin, or lack of concomitant 
administration of gentamicin and RGSE. In a study 
by El-Ashmawy and colleagues,36 intraperitoneal 
gentamicin, 80 mg/kg/d, for 2 weeks, induced 
pronounced histopathological changes with a 
significant increase in levels of BUN, serum 
creatinine, and renal tissue malondialdehyde, 
suggestive of increased lipid peroxidation. 
Pretreatment with grape seed extract for 7 days and 
its simultaneous administration with gentamicin for 
2 weeks significantly protected from nephrotoxicity 
through its antioxidant activity. Moreover, grape 
seed extract significantly protected the rats from 
gentamicin-induced genotoxicity, as evidenced by 
reduced number of aberrant cells and chromosomal 
aberrations in bone marrow.

CONCLUSIONS
Our preliminary observation suggests some 

protective effect, especially histologically, by RGSE 
on gentamicin-induced nephrotoxicity. However, 

while there was a trend in lower levels of rise in 
serum creatinine and BUN after premedication 
with RGSE, this finding was not supported by 
statistical significance. Future studies with larger 
number of animals, longer exposure to gentamicin, 
and co-administration of RGSE and gentamicin are 
warranted in order to confirm beneficiary effects 
of RGSE in humans.
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