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INTRODUCTION
Gentamicin (GEN), the aminoglycoside antibiotic, 
is used in clinical practice to eradicate serious Gram-
negative bacillary infections. Acute kidney injury 
and renal impairment associated with gentamicin 
vary widely from 1.2% up to 55%, however most 
studies report rates between 8 and 26%.1 GEN 
causes direct toxic effect on the proximal renal 
tubular cells following its preferential accumulation 
in these cells. The exact processes, which lead to 
nephrotoxic effect of GEN are not fully elucidated. 
Strong evidence proposes that GEN nephrotoxicity 
results from oxidative stress, increased reactive 
oxygen species (ROS) production, and exhaustion 
of endogenous antioxidants, as reduced glutathione 
(GSH) and catalase. This results in enhanced 
peroxidation of lipid membranes, and augmented 
malondialdehyde (MDA) production.2 Nitrosative 
stress and enhanced generation of reactive nitrogen 
species (RNS) due to activation of inducible nitric 
oxide synthase (iNOS) are also involved in GEN 
nephrotoxicity.3 

Additionally, increased production of 
inflammatory cytokines, as tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6), was reported 
to participate in renal tubular cell injury caused 
by GEN.4 The inflammatory mediators and ROS 
finally up-regulate the apoptotic pathways and 
caspase family of proteases, which induce renal cell 
apoptotic death.5

Cellular responses to oxidative, inflammatory, 
and apoptotic insults are largely controlled by 
the fine balance between nuclear factor erythroid 
2-related factor 2 (Nrf2), the anti-inflammatory 
pathway, and nuclear factor-κB (NF-κB), the pro-
inflammatory pathway.6,7 Previous investigations 

showed that GEN-induced renal toxicity caused by a 
marked disruption in the balance between Nrf2 and 
NF-κB pathways resulting in augmented oxidative 
stress, inflammatory responses, and cell apoptosis.8,9 

Punicalagin (PNG) is a biologically active 
polyphenolic ingredient obtained from pomegranate 
(Punica granatum). It was reported that PNG had 
antioxidant, anti-inflammatory, and antiapoptotic 
properties.10 PNG significantly ameliorated 
cisplatin-induced nephrotoxicity and endotoxemic 
acute kidney injury in rats,11,12 and alleviated lupus 
nephritis and diabetic nephropathy induced by high-
fat diet in mice.13,14 Therefore, PNG potentially can 
protect against GEN-induced renal damage, and 
to the best of our knowledge, the nephroprotective 
effect of PNG in this model was not yet investigated. 

MATERIALS AND METHODS

Laboratory animals
Sprague-Dawley male rats (weight 200-220 g, each) 
were acquired from the animal house of King 
Khalid University, Abha, Saudi Arabia. They were 
accommodated at 24°C, 45% humidity, and 12 h 
light/dark cycle. They were supplied with ordinary 
chew and tap water ad. libitum, and were accustomed 
for 1 week. The study protocol was approved by the 
Research Ethics Committee, Faculty of Medicine, 
Al-Baha University, Saudi Arabia (approval number: 
REC/PHA/BU-FM/2023/82). The international 
recommendations for dealing with laboratory 
animals were implemented. 

Medications
PNG and GEN sulfate powders were purchased 
from Sigma-Aldrich Chemical Co., USA. PNG was 
suspended in 0.5% carboxymethylcellulose (CMC), 
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and GEN was dissolved in normal saline. PNG and GEN doses used 
were selected likewise former reports.12,15

Study outline
Rats were randomly separated into 4 groups (n = 8, each):

- Group 1 (control) received normal saline, i.p., daily for 8 days, and 
daily CMC, p.o., for 10 days, starting 2 days in advance of normal 
saline administration.

- Group 2 received GEN (80 mg/kg/day i.p.) for 8 days, and daily CMC 
p.o., for 10 days, starting 2 days in advance of GEN administration.

- Group 3 received GEN (80 mg/kg/day i.p.) for 8 days, and PNG 
(25 mg/kg/day, p.o.) for 10 days, starting 2 days in advance of GEN 
administration.

- Group 4 received only PNG (25 mg/kg/day, p.o.) for 10 days

Sampling and biochemical examination
Animals were euthanized 24 h following the final GEN injection by 
i.p. thiopental (70 mg/kg). Blood samples were taken through cardiac 
punctures, and centrifuged for 10 min at 5000 rpm after clotting. Serum 
creatinine was measured by a colorimetric kit (Biodiagnostic, Egypt). 

The kidneys were isolated, and their dry weights were determined. 
Homogenization of the right kidneys in cold 0.05 M K3PO4 buffer 
(pH 7.3) for 15 min at 5000 rpm was done. MDA, GSH, and catalase 
were determined by colorimetric kits (Biodiagnostic, Egypt), and also 
cleaved caspase-3 (R&D Systems, USA) in kidney homogenates. ELISA 
kits were used to determine iNOS (Cusabio, USA), and TNF-α and IL-6 
(R&D Systems, USA), and NF-κB p65 and Nrf2 (Lifespan Biosciences, 
USA) in kidney homogenates.

Histopathological examination
Left kidneys were preserved in 10% formalin solution, dehydrated 
in ethanol, and embedded in paraffin. Sections at 4 µm were cut and 
stained with hematoxylin and eosin (H&E). The pathologist who 
visualized the slides under light microscope did not know the slide 
identity. Renal tubular injury score was evaluated using a scale 0-4, as 
follows: normal = 0, less than 10% = 1, 10-25% = 2, 25-75% = 3, and 
more than 75% = 4.16

Statistical analysis
Data analysis by one-way ANOVA test followed by Tukey test for 
intergroup comparisons using GraphPad Prism Software Program 
(version 6.01) was done. Results showed as mean ± S.E.M., and p < 0.05 
was the significance level. 

RESULTS

Biochemical results 
GEN injections (80 mg/kg/day, i.p., for 8 days) lead to a significant 
increment of serum creatinine (p < 0.05) compared to the control 
value. PNG (25 mg/kg/ day, p.o., for 10 days), starting 2 days prior 
GEN, caused a significant decrement of serum creatinine (p < 0.05) in 
rats received GEN (Figure 1). 

GEN also caused a significant elevation of MDA (p < 0.05), and 
significant reductions of GSH and catalase (p < 0.05) in rat kidneys, 
opposed to control results. However, a significant reduction of MDA (p 
< 0.05), and significant increases of GSH and catalase (p < 0.05) in rat 
kidneys were noticed in PNG-treated rats (Figure 2).

As regards the inflammatory and apoptotic indicators, GEN insult gave 
rise to significant increases of renal NF-κB p65, TNF-α, IL-6, iNOS, and 

cleaved caspases-3 (p < 0.05), and a significant reduction of renal Nrf2 
(p < 0.05), opposed to control values. On the contrary, PNG treatment 
caused significant reductions of NF-κB p65, TNF-α, IL-6, iNOS, and 
cleaved caspases-3 (p < 0.05), and a significant increase of Nrf2 (p < 
0.05) in kidneys of rats challenged with GEN (Figures 3A-3C).

Histopathological results
GEN administration resulted in an obvious distortion of the normal 
histological picture of the kidney. Renal tubular epithelium show 
necrosis and desquamation in the tubular lumen. Tubular dilatation, 
areas of coagulative necrosis, and infiltration with inflammatory cells 
were also detected. On the opposite, PNG treatment mitigated renal 
tissue injury, preserved normal renal histology, and significantly 
reduced the tubular injury score in rats received GEN (Figure 4).

Figure 1: Effect of punicalagin (PNG) treatment on serum creatinine of 
gentamicin (GEN)-challenged rats. *p < 0.05 vs. control, ≠p < 0.05 vs. GEN 
group. Results are mean ± S.E.M, n = 8, in each group. 

Figure 2: Effects of punicalagin (PNG) treatment on malondialdehyde 
(MDA), reduced glutathione (GSH), and catalase in kidneys of gentamicin 
(GEN)-challenged rats. *p < 0.05 vs. control, ≠p < 0.05 vs. GEN group. Results 
are mean ± S.E.M, n = 8, in each group.  
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activate gene transcription of inflammatory cytokines, as TNF-α and 
IL-6.8  

This study showed that PNG significantly blocked oxidative stress and 
preserved the natural antioxidants, as evidenced by the reduction in 
MDA, and maintenance of GSH and catalase activity in kidneys of 
GEN-challenged rats. PNG also prevented kidney iNOS activation and 
nitrosative stress in rats received GEN. The main factor responsible for 
the antioxidant effect of PNG is that it can inhibit NADPH oxidase-4, 
which is the major source of oxidative stress and ROS generation, as 
demonstrated in a model of diabetic nephropathy caused by high-fat 
diet/streptozotocin in mice.17 In addition, the antinitrosative effect 
of PNG is due to suppression of iNOS expression, and decreased 
production of RNS, as shown in kidneys of cisplatin-challenged rats,12 
and joints of mice with collagen-induced rheumatoid arthritis.18 In 
consistent with the present investigation, the GEN-induced generation 
of ROS, RNS, and inflammatory cytokines lead to upregulation of 
apoptotic mediators, which eventually activate caspase-3-dependent 
execution phase apoptosis.5 PNG inhibited the production of cleaved 
caspase-3 and provided a significant antiapoptotic effect in kidneys of 
rats received GEN. This is similar to prior studies, which showed the 
PNG suppressed cell apoptosis through its antioxidant, antinitrosative, 
and anti-inflammatory effects.12,19 

The fine balance between the Nrf2 anti-inflammatory pathway and the 
NF-κB pro-inflammatory pathway is the main factor regulating the 
homeostasis of cellular responses to oxidative stress, inflammation, 
and apoptosis. Nrf2 is a transcription factor, which activates cellular 
defenses against oxidative and inflammatory insults.7 On the other 
hand, NF-κB is a family of inducible transcription operators, which is 
responsible for upregulation of inflammatory responses.6 In agreement 
with previous studies, the current investigation demonstrated that 
GEN insult resulted in a significant decrease of Nrf2, associated with a 
significant increase of NF-κB p65 in rat kidneys.8,9 The current study also 
revealed that PNG treatment significantly restored the balance between 
the two pathways, as indexed by the significant increment of Nrf2, and 
the significant decrement of NF-κB p65 in kidneys of GEN-challenged 
rats. Similarly, prior investigations showed that PNG protected against 
oxidative stress, inflammation, and apoptosis through upregulation of 
Nrf2 pathway and inhibition of NF-κB pathway. This was evidenced in 
studying the defensive effect of PNG against cisplatin nephrototoxicity 
in rats,12 methotrexate hepatotoxicity in mice,19 and obesity-induced 
oxidant and inflammatory responses in mice fed high-fat diet.20

CONCLUSION
This research work detected that PNG significantly protected 
against kidney toxicity induced by GEN in rats. The PNG-related 
nephroprotective effect by hindering oxidant/nitrosative stress, 
inflammation, and apoptosis resulted from GEN. Resetting the balance 

DISCUSSION
Previous reports, similar to the current study, revealed that renal 
injury and dysfunction induced by GEN were largely related to oxidant 
stress and increased generation of ROS. Subsequent depletion of 
endogenous antioxidant defenses and enhanced peroxidation of lipid 
biomembranes lead to damage of renal proximal tubular cells.2,12 It was 
also reported that GEN caused nitrosative stress by activating iNOS, 
and increased production of RNS, as various nitric oxide-derived 
compounds, which caused nitration of cellular macromolecules, 
mitochondrial dysfunction, and altered structure and function 
of critical proteins.3 In addition, prior investigations showed that 
oxidative stress upregulated various inflammatory cascades, notably 
the NF-κB pathway leading to further tissue injury. Phosphorylation of 
the cytoplasmic inhibitor of nuclear factor-κB (IκB) results in release 
of the active NF-κB p65 subunit, which translocate to the nucleus and 

Figure 3: Effects of punicalagin (PNG) treatment on: (A) nuclear factor erythroid 2-related factor 2 (Nrf2) and nuclear factor- κB p65 (NF-κB p65); (B) tumor 
necrosis factor-α (TNF-α) and interleukin-6 (IL-6); (C) inducible nitric oxide synthase (iNOS) and cleaved caspases-3 in kidneys of gentamicin (GEN)-challenged 
rats. *p < 0.05 vs. control, ≠p < 0.05 vs. GEN group. Results are mean ± S.E.M, n = 8, in each group.

Figure 4: H&E (200×) of rat kidneys from: (A) control showing normal renal 
histology; (B) gentamicin (GEN) group demonstrating marked distortion of 
kidney architecture, renal tubular necrosis and dilatation, desquamation 
of lining epithelium (white arrow), interstitial edema, areas of coagulative 
necrosis (black arrow), and inflammatory cell infiltration (white head); 
(C) punicalagin (PNG) + GEN showing preservation of the normal kidney 
architecture; (D) tubular injury score. *p < 0.05 vs. control, ≠p < 0.05 vs. GEN. 
Results are mean ± S.E.M., n = 8, in each group. 
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between Nrf2 and NF-κB pathways probably plays a crucial role by 
which PNG provides its significant renoprotective effect in GEN-
challenged rats. 
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