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 Abstract  

Gentamicin is an effective aminoglycoside antibiotic drug but unfortunately up to 30% of 
gentamicin-treated patients may develop nephrotoxicity. Suggested mechanisms of gentamicin-
induced nephrotoxicity included inflammation and oxidative stress injury. Evening primrose oil 
(EPO) has anti-inflammatory and antioxidant effects. The aim of current study was to assess the 
possible renoprotective effect of EPO/vitamin E combination treatment on gentamicin-induced 
nephrotoxicity in rats. Additionally, to address the responsible mechanism(s) of this effect.  
Eighteen adult male albino Sprague-Dawley rats were equally and randomly divided into three 
groups; normal control, gentamicin control and EPO/vitamin E treated groups. Gentamicin 
control group and EPO/vitamin E treated group received IP gentamicin injections for 5 days (100 
mg/kg). EPO/vitamin E treated group received EPO/vitamin E (10 g and 200 IU /kg/day 
respectively orally). Renal function, oxidative stress and histopathological changes were assessed. 
Renal tissue expressions of tumor necrosis factor α (TNF α) and nuclear Factor κβ (NF- κβ) were 
assayed. Significant improvements of kidney function markers and tubular necrosis in 
EPO/vitamin E treated group were observed. EPO/vitamin E treatment significantly ameliorated 
the gentamicin-induced increase of renal lipid peroxidation and renal tissue expression of TNF α 
and NF-κβ. EPO/vitamin E treatment significantly ameliorated the gentamicin-induced decrease 
of renal glutathione and superoxide dismutase concentrations. Conclusion of current study is 
EPO/vitamin E combination treatment has renoprotective effect on gentamicin-induced 
nephrotoxicity by inhibiting renal TNF α /NF-κβ signaling pathway and the oxidative stress. 
Further researches for addressing the renoprotective effect of EPO treatment only and to 
determine other possible responsible mechanisms are needed 
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INTRODUCTION 

   Gentamicin is an aminoglycoside 

antibiotic drug, used for the treatment of Gram-

negative bacterial infections (1). Gentamicin has 

many advantages including its low cost, low 

potential for resistance and hypersensitivity and 

high potency (2). However, it was found that blood 

urea nitrogen (BUN) and serum creatinine 

concentrations characteristically increase 7–10 

days after initiation of aminoglycoside therapy. 

This increase in BUN and serum creatinine 

indicates significant kidney damage. About 30% of 

patients treated with gentamicin develop 

nephrotoxicity (3). Hence the clinical use of 

aminoglycoside drugs is limited due to its 

nephrotoxic effect (4).  

Several studies suggested that the 

underlying mechanisms of gentamicin-induced 

nephrotoxicity included inflammation and 

oxidative stress injury that resulted in proximal 

renal tubular necrosis (5), (6) ,(7).  

One of the multiple signaling pathways 

that are thought to mediate the inflammatory 

process in gentamicin induced nephrotoxicity is 

the tumor necrosis factor α (TNF-α) / nuclear 

factor κB (NF-κB) signaling pathway. Gentamicin 

activation of TNF-α/ NF-κB pathway mediates 

inflammation by regulating the gene expression of 

cytokines, chemokines and adhesion molecules. 

These inflammatory molecules participate in the 

pathogenesis of tubulointerstitial impairment via 

the promotion of leukocyte attraction and adhesion 

to inflamed renal tubular cells. (8), (9),  (10) 

In addition to inflammation, several 

studies suggested that oxidative stress is directly 

involved in gentamicin-induced nephrotoxicity. 

This suggestion was supported by findings of an 

increase in malondialdehyde (MDA) level, an 

index of lipid peroxidation (LPO), and decrease of 

kidney glutathione (GSH) content and antioxidant 

enzyme activities such as superoxide dismutase 

(SOD) (11). 

Oenothera biennis, commonly known as 

evening primrose, is a native North American 

traditional medicinal herb (12). Evening primrose 

oil (EPO) is a rich source of polyunsaturated fatty 

acids mainly the essential fatty acid the linoleic 

acid (LA) (70–74%) and γ-linolenic acid (GLA) 

(8–10%), which are precursors of anti-

inflammatory eicosanoids. In addition, GLA 

suppresses inflammation mediators such as 

interleukin 1β, interleukin 6 and TNF-α (13). EPO 

is traditionally used in the treatment of, asthma, 

breast problems, eczema, premenstrual and 

menopausal syndrome and rheumatoid arthritis as 

all have an inflammatory component (14). 

Several studies suggested that EPO had an 

inhibitory effect on lipid peroxidation, and a 

strengthening effect on the glutathione dependent 

antioxidant defense system and both effects 

resulted in decreasing the oxidative stress injury 

(15), (16). 

On the other hand several researches 

suggested that vitamin E treatment alone or in 

combination with other antioxidants had 

renoprotective effect on gentamicin induced 

nephrotoxicity  (17), (18) (19).   

Taken together, this study was designed to 

assess the possible renoprotective effect of 

EPO/vitamin E combination treatment on 

gentamicin-induced nephrotoxicity in rats. 

Additionally, to address whether this effect is 
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mediated by changing renal TNF-α/ NF-κB 

signaling pathway and oxidative stress. 

Materials & Methods 

This work was performed at Medical Physiology 

Department, Faculty of Medicine, Suez Canal 

University, Ismailia, Egypt.  

Animals: 

Eighteen adult male albino Sprague-

Dawley rats, body weight 130 - 145 g were 

purchased from Egyptian Organization for 

Biological Products and Vaccines (Giza, Egypt). 

All rats were left to acclimatize for one week prior 

to the experiment and were housed in plastic cages 

maintained at controlled room temperature (22-24 
◦C) with 12 hour diurnal (day and night change) 

with free access to standard pellet animal diet and 

tap water. Rats were equally and randomly 

allocated into three groups; normal control, 

gentamicin control and EPO/vitamin E treated 

groups. This study was performed In accordance 

with the Guide for the Care and Use of Laboratory 

Animals (1985), NIH, Bethesda. 

Methods: 

 Gentamicin induced nephrotoxicity: Rats in 

gentamicin control group and EPO/vitamin E 

treated group were treated with intraperitoneal 

injections of gentamicin (100 mg/kg) (Epigent, 

EIPICO, Egypt) for 7 days started from the 6th day 

to the 12th day (20). 

EPO and vitamin E treatment: Rats in 

EPO/vitamin E treated group received 

EPO/vitamin E combined preparation (Primaleve 

capsules, Glaxo Smith Kline, Egypt) 10 g and 200 

IU /kg/day respectively by gastric gavage (21) for 

the whole period of the study.  

Urine collection and blood sampling: At the end 

of the study, rats were individually distributed in 

metabolic cages to collect 24 hours urine samples 

for urine volume, albumin and creatinine assay. At 

the end of the experiment, rats were anaesthetized 

with ether and retrobulbar blood samples were 

collected for serum separation and storage at -80 

°C until subsequent use for BUN and creatinine 

assay. Then anesthetized rats were sacrificed by 

decapitation and laparotomy was done for kidneys 

collection. 

Assay of biochemical markers in blood and 

urine: BUN, serum creatinine, and urine albumin 

and creatinine were assayed by colorimetric 

method with specific kits. Creatinine clearance 

was subsequently calculated using the standard 

conventional formula. (urinary creatinine 

concentration (U) (mg/ml) x urine volume (V) 

(ml/min)/ serum creatinine concentration (P) 

(mg/ml) (3).  

Oxidative stress markers assay in kidney 

homogenate: The left kidneys were kept in – 80 

°C degree for subsequent homogenization and 

measuring the concentration of MDA, SOD and 

reduced glutathione by spectrophotometric method 

using specific kits supplied by Biodiagnostic, 

Egypt.   

Quantitative real time Polymerase chain 

reaction (qPCR) for TNF α and NFκβ 

expressions in kidney tissues homogenate: 

Total RNA was isolated from left kidney 

homogenate using Qiagen tissue extraction kit 

(Qiagen, USA) according to instructions of 

manufacture. The total RNA (0.5–2 μg) was used 

for cDNA conversion using high capacity cDNA 

reverse transcription kit (Fermentas, USA). Real-

time qPCR amplification and analysis were 

performed using an Applied Biosystem with 

software version 3.1 (StepOne™, USA). The 
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qPCR assay with the primer sets were optimized at 

the annealing temperature. The primer sequence 
for TNFa: forward ATGAGAAGTTCCCAAATGGC 

and reverse CTCCACTTGGTGGTTTGCTA. The 

primer sequence for NFκβ: forward 

CAGCTCTTCTCAAAGCAGCA and reverse 

TCCAGGTCATAGAGAGGCTCA (22). The 

relative expression was calculated according to 

Applied Biosystem software. 

Histopathological evaluation of the kidney: 

Right kidneys were dissected and immediately 

transferred to 10 % formalin for subsequent 

paraffin embedding. 4 µm sections were cut from 

paraffin-embedded tissue blocks and were stained 

with Hematoxylin & Eosin (H&E), Periodic acid 

schiff (PAS) and Masson's trichrome (MT) stains. 

Kidney damage indices included the following 

histopathological alterations: mononuclear cell 

infiltration, tubular necrosis and tubular casts. 

These alterations were evaluated and graded as 

follows: 0 for no detectable lesions, 1 for mild 

changes, 2 for moderate changes, and 3 for severe 

changes (23). 

Statistical analysis: 

All data were expressed as mean ± standard error 

of mean (SEM) and analyzed using Statistical 

Package for Social Sciences (SPSS) program 

version 20. Comparisons among groups were 

carried out using one way Analysis of Variance 

(ANOVA) followed by Bonferroni post hoc test. 

Exact Fisher test was used for assessment of the 

significance of histopathological changes.  Data 

were considered statistically significant with P ≤ 

0.05. 

 

 

 

Results: 

Effect of gentamicin and EPO/Vitamin E 

treatment on kidney function biochemical 

markers: Gentamicin treatment caused significant 

increase in serum creatinine, BUN concentrations 

and urine ACR in the gentamicin control group vs. 

control and EPO/Vitamin E treated groups. Urine 

albumin concentrations significantly increased in 

both groups that were treated with gentamicin vs 

the control group but EPO/ Vitamin E treatment 

significantly decreased urine albumin 

concentrations vs. the gentamicin control group. 

Urine creatinine concentrations significantly 

decreased in gentamicin control group vs control 

and EPO/Vitamin E treated groups. Creatinine 

clearance rate results showed significant decrease 

in both groups treated with gentamicin vs. the 

control group but there was an observed increase 

in creatinine clearance rate in EPO/Vitamin E 

treated group vs. gentamicin control group but this 

difference was statistically insignificant (0.19 ± 

0.05 and 0.045 ± 0.009 ml/min respectively). 

Table 1. 

Effect of gentamicin and EPO/Vitamin E 

treatment on renal oxidative stress markers: 

Gentamicin control group and EPO/Vitamin E 

treated group had significant increase in MDA 

concentration in renal tissue vs. the control group. 

We observed MDA decrease in in renal tissues of 

EPO/Vitamin E treated group vs. gentamicin 

control group (26.08 ± 3.84 and 60.42 ± 8.35 

nmol/mg tissue) but this difference was 

statistically insignificant. Reduced glutathione and 

SOD assay in renal tissues showed significant 

decrease in gentamicin control group and 

EPO/Vitamin E treated group vs. control group. 

But EPO/Vitamin E treatment significantly 
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ameliorated this effect vs. gentamicin control 

group. Table 2. 

Effect of gentamicin and EPO/Vitamin E 

treatment on TNFα and NFκβ mRNA  

expression in renal tissues of the study groups: 

Gentamicin treatment caused significant increase  

in mRNA expression of both TNFα and NFκβ  in 

renal tissues of gentamicin control group vs 

control and  EPO/Vitamin E treated groups. 

Figure 1. 

Effect of gentamicin and EPO/Vitamin E 

treatment on kidney histopathological changes: 

Normal histology of kidney tissues in normal 

control group was observed.  Kidney sections from 

gentamicin control group showed significant 

marked tubular necrosis and an increase in tubular 

casts and also variable degrees of mononuclear 

cells infiltration were observed. Kidney sections 

from EPO/vitamin E treated group showed almost 

complete prevention of these tubular 

histopathological alterations (H&E, PAS and MT 

respectively X 200). Table 3 and figure 2. 

Table 1: Kidney function biochemical markers: BUN and Serum creatinine concentrations, urine albumin and 
creatinine concentrations, urine albumin creatinine ratio (ACR) and creatinine clearance (Mean ± SEM) in the 
study groups: 
 Normal control 

group 
Gentamicin control 
group 

EPO/vitamin E treated 
group 

BUN (mg/dl)  45.98 ± 5.50 97.35 ± 7.20a* 53.50 ± 3.07 
Serum creatinine (mg/dl)  0.22 ± 0.06 1.36 ± 0.19 b* 0.53 ± 0.08 
Urine albumin(mg/dl)  30.88 ± 3.92 91.27 ± 6.08 c* 50.42 ± 4.60 c,d * 
Urine creatinine (mg/dl)  51.18 ± 4.56 21.27 ± 2.76 e* 37.90 ± 3.30 
ACR  6.11 ± 0.71 46.54 ± 6.82 a* 13.64 ± 1.25 
Creatinine clearance (ml/min) 0.83 ± 0.18 0.045 ± 0.009f* 0.19 ± 0.05 f* 
 

a* Significant increase in BUN concentrations and ACR in gentamicin control group vs. normal control and EPO/vitamin E 
treated groups (P= 0.000 in all comparisons). 
b* Significant increase in serum creatinine concentrations in gentamicin control group vs. normal control and EPO/vitamin E 
treated groups (P= 0.000 and 0.001 respectively). 
c* Significant increase in urine albumin concentrations in gentamicin control group and EPO/vitamin E treated groups  vs. 
normal control group (P= 0.000 and 0.04 respectively). 
d* Significant decrease in urine albumin concentrations in EPO/vitamin E treated group vs. gentamicin control group (P= 0.000). 
e* Significant decrease in urine creatinine concentrations in gentamicin control group vs. normal control and EPO/vitamin E 
treated groups (P= 0.000 and 0.016 respectively). 
f* Significant decrease in creatinine clearance in gentamicin control and EPO/vitamin E treated groups vs. normal control group 
(P= 0.001 and 0.021 respectively). 
 
Table 2: Oxidative stress markers concentrations (Mean ± SEM) in the renal tissues in the study groups: 
 
 Normal control 

group 
Gentamicin control 
group 

EPO/vitamin E treated 
group 

MDA (nmol/g tissue) 7.47 ± 1.08 60.42 ± 8.35a* 26.08 ± 3.84 
Reduced glutathione 
(nmol/mg tissue) 

61.48 ± 4.32 27.50 ± 3.06 b* 47.73 ± 1.49 b*,c* 

SOD (U/g tissue) 3.06 ± 0.09  1.05 ± 0.07 d* 2.49 ± 0.17 d*,e* 
 

a*Significant increase in MDA concentrations in gentamicin control group vs. normal control and EPO/vitamin E treated groups 
(P= 0.000 and 0.001 respectively). 
b*Significant decrease in reduced glutathione  concentrations in gentamicin control and EPO/vitamin E treated groups vs. 
normal control group (P= 0.000 and 0.024 respectively). 
c*Significant increase in reduced glutathione  concentrations in EPO/vitamin E treated group vs. gentamicin control group (P= 
0.001). 
d*Significant decrease in SOD  concentrations in gentamicin control and EPO/vitamin E treated groups vs. normal control group 
(P= 0.000 and 0.01 respectively). 
e*Significant increase in SOD concentrations in EPO/vitamin E treated vs. gentamicin control group (P= 0.000). 
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Figure 1: TNFα and NFκβ mRNA  relative expressions in renal tissues of the study groups: 

 
a* Significant increase in NFκβ mRNA  expressions in renal tissues in gentamicin control group vs. normal control and 
EPO/vitamin E treated groups (P= 0.000 and 0.009 respectively).  
b* Significant increase in TNFα mRNA  expressions in renal tissues in gentamicin control group vs. normal control and 
EPO/vitamin E treated groups (P= 0.000 in both comparisons). 

 
 

Figure 2: Photomicrograph of rat kidney cortex sections in the study groups 

 
(A, B and C): Normal histology of kidney tissue in normal control group (H&E, PAS and MT respectively X 200). (D, E 
and F)  Kidney sections from gentamicin control group showed marked tubular necrosis (asterisk), casts (circle), and 
mononuclear cell infiltration (arrow) (H&E, PAS and MT respectively X 200). (G, H and I)  Kidney sections from 
EPO/vitamin E treated group showed almost complete prevention of tubular histopathological alterations (H&E, PAS and 
MT respectively X 200). 
 

a* 
b* 
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Table 3: Kidney histopathological changes (mononuclear cells infiltration, tubular necrosis and tubular casts) in 
the study groups. 

 
 Mononuclear cells infiltration Tubular necrosis Tubular casts 

- + + + + + + - + + + + + + - + + + + + + 
Normal control 
group 4 1 0 1 5 1 0 0 3 3 0 0 

Gentamicin 
control group 0 4 1 1 0 1 0 5 0 3 2 1 

EPO/vitamin E 
treated group 2 2 2 0 0 4 2 0 5 1 0 0 

P value 0.204 0.000* 0.065 

-  absent, + mild, + + moderate and + + + severe. *Significant difference among the study groups. 
 

Discussion:  

In the current study, gentamicin treatment 

caused impairment in the renal function that 

resulted in an increase in BUN, serum creatinine 

and albumin creatinine ratio, and a decrease of 

urine creatinine concentrations and creatinine 

clearance rate. Histopathological changes showed 

significant tubular necrosis that was induced by 

gentamicin. These results were consisted with 

other previous researches (1), (4). 

In the current study renal TNF-α/ NF-κB 

signaling pathway was evaluated to investigate the 

underlying mechanism of current results. It was 

found that gentamicin caused significant increase 

in renal tissue expression of TNFα and NF-κβ. The 

current finding is consisted with Kalayarasan et al., 

who found that after 6 days of gentamicin 

treatment, NF-κβ and TNF-α positive cells 

occupied most of the kidney tissues (8). NF- κβ is 

a transcription factor that is kept in an inactive 

state in the cytosol while bound to the inhibitory 

kappa β (Ikβ) protein. NF- κβ positively regulates 

the expression of a number of genes including 

those of cytokines, cell adhesion molecules, 

complement factors and immunoreactants. Several 

proteins and molecules that activate NF- κβ 

signaling have been described. TNF-α is one of the 

principal cytokines that promote IkBα degradation 

and NF-κβ activation. TNF-α induces the 

phosphorylation and subsequent degradation of 

Ikβ. This, in turn, results in the activation and 

relocation of NF- κβ to the nucleus, leading to NF- 

κβ -mediated transcription of responsive genes (9), 

(24). Interestingly, NF- κβ activation stimulates 

expression of TNF-α thus establishing a positive 

auto regulatory loop that can amplify the 

inflammatory response (8).  

Currently, it was observed that 

EPO/vitamin E combination treatment 

significantly improved the biochemical, 

morphological, oxidative and inflammatory 

profiles of the kidney and  decreased the renal 

tissue expression of TNF-α and NF-kβ. The 

current finding may be attributed to the biological 

activity of chemical components of  EPO that 

included polyunsaturated fatty acids (PUFAs), 

mainly linoleic acid (LA) and Ɣ-linolenic acid 

(GLA) which belong to the group of omega-6 

acids. Linoleic acid and Ɣ-linolenic acid  are 

precursors of compounds that lead to the 

generation of anti-inflammatory eicosanoids, such 

as the series 1 prostaglandins and 15-
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hydroxyeicosatrienoic acid (15-HETrE) which 

suppress the inflammatory reaction and decrease 

inflammatory mediators such as TNF-α. On the 

other hand, linoleic acid can be converted to 

arachidonic acid that forms pro-inflammatory 

compounds, such as series 2 prostaglandins and 

series 4 leukotrienes.  It has been shown that GLA 

supplementation causes a modest increase in the 

prostaglandin E1  level in tissues in relation to 

PGE2, but the biological properties of PGE1 are 

about 20 times stronger in comparison to PGE2 

(13). Additionally we suggested that vitamin E 

may suppress the arachidonic acid conversion to 

proinflammatory mediators by 5 lipooxygenase 

and cyclooxygenase 2 as it had been demonstrated 

that specific forms of vitamin E and their 

metabolites  have anti-inflammatory effects by 

inhibiting 5 lipooxygenase and cyclooxygenase 2 

mediated eicosanoids, in addition to suppressing of 

NF-κB (25), (26). 

 In the current study, it was observed that 

gentamicin induced a significant increase in renal 

MDA levels. Concurrently gentamicin caused 

significant decrease of both the activity of SOD 

and glutathione. Similar findings were reported by 

previous researches (16), (27), (3).  It was 

suggested that gentamicin caused an 

overproduction of reactive oxygen species in renal 

tissue and this change resulted in oxidant–

antioxidant imbalance and disrupt the membrane 

lipid composition through lipid peroxidation and 

subsequently increase the MDA (27).  SOD  

catalyze the dismutation of superoxide anion free 

radical (O2
-) into molecular oxygen and hydrogen 

peroxide (H2O2) and decrease O2
- level which 

damages the cells at excessive concentration (28), 

hence gentamicin induced decrease of SOD may 

be attributed to the overproduction of superoxide 

anions and hydrogen peroxide. Glutathione has a 

non-enzymatic antioxidant effect and acts as a free 

radical scavenger for the cells protection. Decrease 

of glutathione by gentamicin   might be a result of 

excess generation of free radicals and increased 

consumption of glutathione in the protection of –

SH group-containing proteins (16), (27).  

In the present study, it was observed that 

EPO/vitamin E combination treatment 

significantly ameliorated gentamicin induced 

oxidative stress effect. The current finding may be 

attributed to the earlier documented antioxidant 

effect of vitamin E (25). The antioxidant property 

of vitamin E at level of renal tubules is probably 

mediated by enhancing superoxide dismutase and 

suppressing lipid peroxidation pathway (18).  In 

regard to EPO antioxidant effect, it was reported 

that when tissue oxidative stress increased, EPO 

reduced lipid peroxidation and favored tissue 

antioxidant defense mediated by the glutathione 

system (15), (29). 

It was suggested that, following the use of 

gentamicin, the increase in ROS production results 

in the destruction of IκB and the release of NF-κB, 

which after translocating into the nucleus, activates 

transcription of proinflammatory cytokines such as 

TNF-α that  results in renal functional disturbances 

via vasoconstriction, decreased blood flow and  

infiltration of leukocytes  (10). Hence, 

inflammation and oxidative stress are closely 

related pathophysiological events that are tightly 

linked with one another and with gentamicin 

induced nephrotoxicity. A number of reactive 

oxygen/ nitrogen species can initiate intracellular 

signaling cascade that enhances proinflammatory 

gene expression.  On the other hand, inflammatory 
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cells liberate a number of reactive species at the 

site of inflammation leading to exaggerated 

oxidative stress (30) . So we suggest that 

combination treatment of EPO/vitamin E has 

antioxidant and anti-inflammatory effects that 

efficiently protect the kidneys against gentamicin 

induced toxicity.  

In conclusion, EPO/vitamin E combined 

treatment had renoprotective effect against 

gentamicin induced nephrotoxicity in rats. The 

underlying mechanism of this effect included 

suppression of renal TNF-α/ NF- κβ signaling 

pathway and inhibition of renal oxidative stress. 

Further researches for addressing the 

renoprotective effect of EPO treatment only and to 

determine other possible responsible mechanisms 

are needed. 

References:  

1.  Nafiu AO, Akomolafe RO, Alabi QK, 

Idowu CO and Odujoko OO: Effect of 

fatty acids from ethanol extract of Moringa 

oleifera seeds on kidney function 

impairment and oxidative stress induced by 

gentamicin in rats. Biomed Pharmacother 

[Internet] ;117(June):109154. 2019. 

https://doi.org/10.1016/j.biopha.2019. 

2.  Lee MC, Cheng KJ, Chen SM, Li YC, 

Imai K, Lee CM and  Lee JA.: A novel 

preventive      mechanism of 

gentamicin‐induced nephrotoxicity by 

atorvastatin. Biomedical Chromatography 

;33 :e4639. 

https://doi.org/10.1002/bmc.4639. 2019. 

3.  Galal HM and Abd NM: Aqueous garlic 

extract supresses experimental gentamicin 

induced renal pathophysiology mediated by 

oxidative stress, inflammation and Kim-1. 

Pathophysiolog; 26 (3–4): 271–9. 

https://doi.org/10.1016/j.pathophys.2019.07

.002. 2019. 

4.  Udupa V and  Prakash V. Gentamicin 

induced acute renal damage and its 

evaluation using urinary biomarkers in rats. 

Toxicol Reports; 6: 91–9. 

https://doi.org/10.1016/j.toxrep.2018.11.01

5. 2019. 

5.  Promsan S, Jaikumkao K, 

Pongchaidecha A, Chattipakorn N, 

Chatsudthipong V, Arjinajarn P, 

Pompimon W and Lungkaphin A. 

Pinocembrin attenuates gentamicin- 

induced nephrotoxicity in rats. Can J 

Physiol Pharmacol; 94(8):808-18. Doi: 

10.1139/cjpp-2015-0468. 2016. 

6.       Al‑Kuraishy HM, Al‑Gareeb AI and  

Al-Nami MS: Vinpocetine Improves 

Oxidative Stress and Pro‑Inflammatory 

Mediators in Acute Kidney Injury. Int J 

Prev Med; 10: 142. 2019. 

7.     Medić B, Stojanović M, Rovčanin B, 

Kekić D, Škodrić SR, Jovanović GB, et 

al.: Pioglitazone attenuates kidney injury in 

an experimental model of gentamicin-

induced nephrotoxicity in rats. Sci Rep.;9 

(1):1–10. https://doi.org/10.1038/s41598-

019-49835-1. 2019. 

8.         Kalayarasan S, Nagendra P, Sriram N, 

Manikandan R, Arumugam M and 

Sudhandiran G. Diallyl sul fide enhances 

antioxidants and inhibits inflammation 

through the activation of Nrf2 against 

gentamicin-induced nephrotoxicity in 

Wistar rats. European Journal of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6710925/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6710925/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6710925/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6710925/


 Abd-Elhalim et al.,                     240 

Pharmacology: 162–71. 2009.  

9. Bae EH, Kim IJ, Joo SY, Kim EY, Choi 

JS, Kim CS, et al. Renoprotective effects 

of the         direct renin inhibitor aliskiren 

on gentamicin-induced nephrotoxicity in 

rats. Journal of the Renin-Angiotensin- 

Aldosterone System: 15(4): 348–61.2014. 

DOI: 10.1177/1470320312474853.  

10.  Yarijani MZ, Najafi H, Shackebaei D, 

Madani SH, Modarresi M and Jassemi 

SV: Amelioration of renal and hepatic 

function, oxidative stress, inflammation and 

histopathologic damages by Malva 

sylvestris extract in gentamicin induced 

renal toxicity. Biomedicine & 

Pharmacotherapy: 112. 108635. 2019. 

https://doi.org/10.1016/j.biopha.2019.1086

35. 

11.  Lee IC, Kim SH, Lee SM,  Baek HS, 

Moon C, Kim SH et al.: Melatonin 

attenuates gentamicin-induced 

nephrotoxicity and oxidative stress in rats. 

Arch Toxicol: 86:1527–36. 2012. DOI 

10.1007/s00204-012-0849-8. 

12.  Singh R, Trivedi P, Umrao D, Ahmad A, 

Shanker K. HILIC quantification of 

Oenotheralanosterol A and B from 

Oenothera biennis and their suppression of 

IL-6 and TNF-α expression in mouse 

macrophages. J Ethnopharmacol: 

141(1):357–62. 2012. 

http://dx.doi.org/10.1016/j.jep.2012.02.046. 

13.  Timoszuk M,   Bielawska K and 

Skrzydlewska E Evening Primrose ( 

Oenothera biennis ) Biological Activity 

Dependent on Chemical Composition. 

Antioxidants, 7, 108; 1–11. 2018. 

doi:10.3390/antiox7080108. 

14.  Montserrat-De La Paz S, García-

Giménez MD, Ángel-Martín M, Pérez-

Camino MC, Fernández Arche A: Long-

chain fatty alcohols from evening primrose 

oil inhibit the inflammatory response in 

murine peritoneal macrophages. J 

Ethnopharmacol;151(1):131–36. 2014. 

http://dx.doi.org/10.1016/j.jep.2013.10.012. 

15.  De La Cruz JP, Quintero L, Galvez J, 

Villalobos MA and Sanchez de la Cuesta 

F: Antioxidant potential of evening 

primrose oil administration in hyperlipemic 

rabbits. Life Sciences; 65(5):543–55. 1999. 

16.  Kanbur M, Eraslan G, Soyer Z and  

Aslan Ö. The effects of evening primrose 

oil on lipid peroxidation induced by 

subacute aflatoxin exposure in mice. Food 

and Chemical Toxicology; 49:1960–4. 

2011.  

17.  Abdel-Naim AB, Abdel-Wahab MH and 

Attia FF. Protective effects of vitamin e 

and probucol against gentamicin-induced 

nephrotoxicity in rats. Pharmacol 

Res.;40(2):183–7. 1999. 

10.1006/phrs.1999.0494. 

18.  Derakhshanfar A, Bidadkosh A and 

Kazeminia S: Vitamin E protection against 

gentamicin-induced nephrotoxicity in rats : 

a biochemical and histopathologic study. 

Iranian Journal of Veterinary Research, 

University of Shiraz; 8(3): 231-38.2007.  

19.   Varzi HN,  Esmailzadeh S,  Morovvati 

H,  Avizeh R,  Shahriari A and  Givi ME:  

Effect of silymarin and vitamin E on 

gentamicin-induced nephrotoxicity in dogs. 

J. vet. Pharmacol. Therap.; 30, 477–81. 

https://doi.org/10.1006/phrs.1999.0494
https://doi.org/10.1006/phrs.1999.0494
https://pubmed.ncbi.nlm.nih.gov/?term=Varzi+HN&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Varzi+HN&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Esmailzadeh+S&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Esmailzadeh+S&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Morovvati+H&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Morovvati+H&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Avizeh+R&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Avizeh+R&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Shahriari+A&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Shahriari+A&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Givi+ME&cauthor_id=17803742
https://pubmed.ncbi.nlm.nih.gov/?term=Givi+ME&cauthor_id=17803742


Effects of EPO/Vitamin E treatment On Nephrotoxicity                       241 

2007. 

20.  Yarijani ZM, Najafi H and Madani SH: 

Protective effect of crocin on gentamicin-

induced nephrotoxicity in rats. Iran J 

Basic Med Sci; 19(3): 337-43. 2016. 

21.  Tawfik MK,  Elkazaz AY, Hussain MA 

and Massoud RE: Evening primrose oil 

diminishes fatty degenerations and down 

regulates AGE/RAGE axis in fructose-

drinking rats: Comparison to fenofibrate. 

Res J Pharm Biol Chem Sci;9 (6):186–201. 

2018.  

22.   Forman K, Vara E, García C, 

Ariznavarreta C, Escames G and 

Tresguerres JAF: Cardiological aging in 

SAM model : effect of chronic treatment 

with growth hormone. Biogerontology; 

11:275–86. 2010. DOI 10.1007/s10522-

009-9245-z.  

23.  Randjelovic P, Veljkovic S, Stojiljkovic 

N, Jankovic-velickovic L, Sokolovic D, 

Stoiljkovic M and Ilic I: Salicylic acid 

attenuates gentamicin-induced 

nephrotoxicity in rats. The Scientific 

World Journal; 2012. 2012. 

doi:10.1100/2012/390613.  

24.  Arher S, Kayışlı ÜA and  Arıcı A. Tumor 

necrosis factor alfa and interleukin 1 alfa 

induced phosphorylation and degradation 

of inhibitory kappa B alpha are regulated 

by estradiol in endometrial cells. Turk J 

Obstet Gynecol; 15:50-9. 2018. DOI: 

10.4274/tjod.47700. 

25.  Pozniak PD, White MK, and Khalili K: 

TNF-α/NF-κB signaling in the CNS: 

possible connection to EPHB2. J 

Neuroimmune Pharmacol; 9 (2): 133 – 41. 

2014. doi:10.1007/s11481-013-9517-x.  

26.  Jang Y, Park N, Rostgaard-hansen AL, 

Huang J and  Jiang Q: Vitamin E 

metabolite 13’-carboxychromanols inhibit 

pro-inflammatory enzymes, induce 

apoptosis and autophagy in human cancer 

cells by modulating sphingolipids and 

suppress colon tumor development in mice. 

Free Radic Biol Med; 95: 190– 9. 2016. 

doi:10.1016/j.freeradbiomed.2016.03.018.  

27.  Adil M, Kandhare AD, Dalvi G, Ghosh 

P, Venkata S, Raygude KSand 

Bodhankar SL: Ameliorative effect of 

berberine against gentamicin-induced 

nephrotoxicity in rats via attenuation of 

oxidative stress , inflammation , apoptosis 

and mitochondrial dysfunction. Renal 

Failure; 38 (6):996–

1006.2016.http://dx.doi.org/10.3109/0886

022X.2016.1165120.  

28.  Younus H: Therapeutic potentials of 

superoxide dismutase.  International 

Journal of Health Sciences; 12(3): 88-93. 

2018.  

29.  Mikešová K, Härtlová H, Zita L, 

Chmelíková E, Hůlková M and  Rajmon 

R: Effect of evening primrose oil on 

biochemical parameters of thoroughbred 

horses under maximal training conditions. 

Czech J. Anim. Sci; 59(10): 488–93. 2014. 

30.  Biswas SK. Does the Interdependence 

between Oxidative Stress and Inflammation 

Explain the Antioxidant Paradox? Oxid 

Med Cell Longev; 2016. 2016. 

http://dx.doi.org/10.1155/2016/5698931.  


