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Abstract 

Gentamicin (GM) is an aminoglycoside antibiotic that possesses a wide range of anti-microbial 

activity. Currently, uses of gentamicin are narrowed due to it supposedly induces nephrotoxicity. 

Therefore, the aim of this study is to evaluate the possible nephron-protective effect of wheat 

germ oil (WGO), and its antioxidant potential against gentamicin-induced toxicity in Wistar 

albino rats. Forty rats were randomly assigned to four different groups (Ten animals each); Group 

I was administered normal saline and acts as a control group.  Group II was received WGO at a 

dose of (3 mg/kg by stomach gavage) daily for the 15
 

successive days. Group III was 

administered gentamicin at the dose of (100 mg/kg i.p.) daily for 10 successive days. Group IV 

was given WGO as group II and one hour latter rats were treated with gentamicin as in group III. 

Rats in group III showed significant increases (p≤0.05) in serum creatinine and blood urea 

nitrogen (BUN) as well as renal malondialdehyde (MDA) levels together with significant 

(p≤0.05) reduction in glutathione (GSH) level and catalase (CAT) and superoxide dismutase 

(SOD) activities. In rats of group IV, creatinine and BUN levels were significantly (p≤0.05) 

reduced. Furthermore, renal GSH level and CAT and SOD activities were significantly (p≤0.05) 

increased in comparison to group III. Histopathological examination revealed variable grades of 

renal tissue alterations ranged from moderate to severe degrees of glomerular atrophy, vascular 

congestion, hemorrhage, tubular dilatation, necrosis and hyalinization in group III.  In contrast, 

renal tissue in rats of group IV revealed glomerular cellularity of control group, reduction of 

tubular injury, and decreasing of collagen deposition. Therefore, WGO can effectively decrease 

the GM-induced renal injury as monitored by lipid peroxidation and histopathological 

examination. 
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Introduction 

The kidneys are highly vascularized, 

compound tubular glands, organized 

principally from numerous, closely packed, 

uriniferous tubules (Bacha Jr and Bacha 

2012). Kidneys play several critical roles 

in maintaining fluid and regulating 

electrolytes balance. Additionally, they 

produce or activate hormones that are 

involved in calcium metabolism, 

erythrogenesis and regulation of blood 

pressure. Renal dysfunction can adversely 

alter all these roles (Findlay and Isles 

2015). 

Gentamicin (GM) is a broad spectrum 

aminoglycosides antibiotic. It exhibits an 

antimicrobial activity against the majority 

of aerobic Gram-negative and Gram-

positives bacteria (Testa and Tilley 1976). 

So, it is benefited in the treatment of 

urinary tract infections (Abrams, Hashim 

et al. 2017), respiratory system infections 

and blood, bone and soft tissues diseases of 

these suggestible bacteria (Altucci, Sapio 

et al. 1965).Generally, the principal 

harmful effects of aminoglycoside 

antibiotics are nephrotoxicity (Smith, 

Lipsky et al. 1980). GM cytotoxicity takes 

place in those cell categories wherein the 

drug accumulates. In kidneys, the 

epithelial cells in the cortex, primarily in 

the proximal convoluted tubule (Wu, 

Connors et al. 2009) and furthermore in the 

distal and collecting ducts as well 

(Fujiwara, Shin et al. 2009) are severely 

affected.  

Several medications and strategies 

have been designed to restrict GM 

nephrotoxicity (Ali, Rizvi et al. 2003, 

Nagai and akano 2004, Cekmen, 

Otunctemur et al. 2013). The principal 

concentration was on the usage of 

numerous antioxidant agents including 

those obtained from medical plants (Ali, 

Rizvi et al. 2003), safely reacted with free 

radicals and dismissed the chain reaction 

earlier before essential molecules are 

damaged (Lobo, Patil et al. 2010). Wheat 

germ oil (WGO) is naturally obtained from 

the wheat kernel germs extraction. It 

considered an essential source of vital fatty 

acids, involving oleic, linoleic, linolenic, 

palmitic and oleic, protein and minerals.  

In addition,  WGO  is originally have  

vitamins A, D and E, and also, 

encompasses vitamins B1, B2, B3,B6 

(Abdel Fattah, Fahim et al. 2011). It is also 

rich in policosanol and octacosanols and 

dietary fibers and phyto-chemicals; so 

WGO have an antioxidant property (Irmak 

and Dunford 2005). WGO considered an 

excellent source of natural vitamin E, 

consequently it has antioxidant properties 

and can reduce oxidative stress 

(Alessandri, Pignatelli et al. 2006). In 

addition, it protects cells against the 

adverse effects of free radicals (Field, 

Verghese et al. 2008, Barakat, Abbas et al. 

2011). Supplementation with WGO caused 

a great noticeable reduction in plasma 

malondialdehyde (MDA) and a significant 

improve in the concentration of vitamins 

and the antioxidant enzymes (Saleh, 

Ibrahim et al. 2010). Moreover, It 

enhanced various biochemical parameters 

(El-Hameed, Soliman et al. 2013). WGO is 

curative against lipid peroxidation, 

oxidative stress and diminutied the 

inflammatory response stimulated by 

endotoxin injection in rats (El-Hameed, 

Soliman et al. 2013). 

The present study is designed to 

evaluate the protective role of WGO 

against GM-induced alterations in serum 

biochemical parameters, oxidative assays 

and morphology of renal tissue in Wistar 

albino rats. 

Materials and Methods  

Drugs and volatile oil: 
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Gentamicin was purchased from 

Memphis Co. under authority of Schering-

Plough Corporation /U.S.A. WGO was 

obtained from Sigma Aldrich Company for 

chemicals, Cairo, Egypt. 

 Animals and experimental design  

Animals: 

Forty female adult Wistar albino rats 

(weighing about 150-250 g and aged from 

3-4 months) were obtained from the animal 

house, Faculty of Medicine, Assuit 

University and housed in a special wire 

cages and kept under complete isolated 

conditions in the animal facilities of 

Faculty of Veterinary Medicine, Sohag 

University for two weeks prior to 

experiment for adaptation. Animals were 

kept on a 12-hour light, 12-hour dark cycle 

with ambient temperature of 22-24 ºC and 

were provided a commercial pelleted feed 

and water ad libitum. Experimental design 

and all animal handling procedures were 

approved by the Research Ethical 

Committee of the Faculty of Veterinary 

Medicine, South Valley University, Qena, 

Egypt (the approval no. 20147). All 

precautions were taken into consideration 

to avoid animal suffering. 

Experimental design: 

After acclimation, forty rats were 

randomly assigned to four different 

isolated groups (Ten animals each); group 

I was administered normal saline and act 

as a control group.  Group II was received 

WGO at a dose of (3 mg/kg b wt. by 

stomach gavage) (Barakat, Abbas et al. 

2011) daily for 15
 
successive days. Group 

III was administered GM at the dose of 

(100 mg/kg b wt. i.p.) daily for 10 

successive days (Khan, Badar et al. 2011). 

Group IV was given WGO as in group II; 

one hour latter rats were treated with GM 

as described in group III.  

Methods 

Blood and renal tissue sampling: 

Twenty four hours after the last 

treatment,  five rats from each group were 

used for blood sampling and rats were 

sacrificed by decapitation and kidneys 

were rapidly excised from each animal, 

divided equally and washed with 0.9% 

NaCl solution and distilled water, then 

blotted using filter paper. One portion was 

fixed in 10% neutral buffered formalin for 

histopathological examination and the 

other part was kept freeze under - 20 ºC for 

peroxidation assays. The sampling process 

performed at the 10
th

 and 15
th

 days of the 

experiment from each group except for the 

control group (group I) where all rats were 

sacrificed at day 10
th

.   

Blood samples 

Blood samples were collected from 

the retro-orbital plexus into centrifuge 

tubes. Serum was separated after 

centrifugation at 3000 rpm for 15 minutes. 

Sera were relocated into dry, clean labeled 

stoppered tubes, and stored frozen at -20°C 

for biochemical analysis.  

Serum biochemical analyses 

Sera were used for evaluation of 

serum creatinine (Doolan, Alpen et al. 

1962) and blood urea nitrogen (BUN) 

(Coulombe and Favreau 1963) levels 

calorimetrically using creatinine and urea 

kits obtained from (Spectrum Egyptian 

Company for biotechnology). 

Assessment of renal oxidative stress 

Preparation of renal tissue homogenate: 

Renal samples were washed with a 

phosphate buffered saline (PBS) solution, 

pH 7.4 including 0.16 mg /ml heparin to 

get rid of red blood cells and clots 

preceding its dissection into specimens. 

One gram of renal tissue was homogenized 

with 4 ml 0.9%NaCl and then extracted by 

centrifuge at 2000 rpm for 20 min. The 
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resultant supernatant was transferred into 

Eppendorf tubes, and preserved at −80°C 

in a deep freezer until used for various 

biochemical assays. 

Evaluation of the lipid peroxidation and 

antioxidant enzymes  

Lipid peroxidation was evaluated by 

measurement of MDA in renal tissues 

using biodiagnostic kit according to 

methods of (Kei, 1978, Ohkawa et al. 

1979).  

The non-enzymatic antioxidant 

biomarker; reduced glutathione (GSH) 

level was assessed in tissue supernatant 

colorimetrically using biodiagnostic kit 

according to the method of (Beutler et al., 

1963). 

The enzymatic antioxidant 

biomarkers; catalase (CAT) was evaluated 

according to (Aebi, 1984) and superoxide 

dismutase (SOD) according to (Nishikimi, 

Appaji et al., 1972).  

Histological assessment 

 The kidney specimens were removed 

rapidly, fixed in 10% neutral buffered 

formalin for 24h and imbedded in paraffin 

wax. Paraffin sections (5μm thickness) 

were afterward stained with Hematoxylin 

and Eosin (H&E) (Carleton et al. 1980, 

Bancroft et al. 1996) and Masson's 

Trichrome stains (Sereno, Vala et al. 

2015).  

Statistical analysis 

Results were stated as mean ± S.E. 

The measurements gotten from different 

groups are statistically evaluated using one 

way ANOVA and independent t test in 

analysis of data comparing between groups 

and time using SPSS program. 

 

Result 

Serum biochemical analysis 
 

Biochemical assays in Wister rats 

treated with GM, WGO and both are 

illustrated in table 1 and 2. Rats in group 

III revealed significant (p≤0.05) increases 

in creatinine and BUN levels when 

compared to control group at the 10th and 

15th days post treatment (pt). Meanwhile, 

rats in group IV provoked significant 

(p≤0.05) decreases in serum BUN and 

creatinine levels as compared to rats in 

group III at the 10th and 15th day pt. 

(Table 1). The effect was significant 

(p≤0.05) in group III at 15
th

 than at 10th 

day in time dependent manner (Table 2). 
 

Table 1: Effects of wheat germ oil (WGO; 3 ml/kg), gentamicin (GM; 100 mg/kg), and their 

combination (WGO + GM) on serum creatinine (mg/dl) and blood urea nitrogen (BUN; mg/dl) levels 

in normal and treated rats at10
th
 and 15

th
 day of experiment. (Mean ± SE) (N=5). 

BUN 

(mg/dl) 

Creatinine 

(mg/dl) 

 

Group 

15
th

 day 10
th

 day 15
th

 day 10
th

 day 

28.40 ± 2.49
a*

 0.77 ± 0.06
a*

 Control* 

27.00  ±1.52
a
 26.20 ± 1.93

a
 0.53 ± 0.03

a
 0.72 ± 0.06

a
 WGO 

115.20 ±4.65
c
 88.00 ± 9.20

c
 8.28  ± 0.76

c
 4.78 ± 0.54

c
 GM 

39.80 ± 1.07
b
 42.20 ± 1.50

b
 1.35 ± 0.13

b
 1.63 ± 0.16

b
 WGO + GM 

Values are expressed in Means ± SE.  Values superscripted by different letters within the same column are 

significantly (P ≤0.05) different. *In the control group (group I), all rats were sacrificed at day 10
th

. 
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Table 2: Comparable effects of wheat germ oil (WGO; 3ml/kg), gentamicin (GM; 100 mg/kg), and 

their combination (WGO + GM) on serum creatinine (mg/dl) and blood urea nitrogen (BUN; mg/dl) 

levels in normal and treated rats at 10
th
 and 15

th
 day of the experiment. (Mean ± SE) (N=5). 

Day of 

sampling 

Control* WGO GM WGO + GM 
Creatinine 

(mg/dl) 

BUN 

(mg/dl) 

Creatinine 

(mg/dl) 

BUN 

(mg/dl) 

Creatinine 

(mg/dl) 

BUN 

(mg/dl) 
Creatinine 

(mg/dl) 

BUN 

(mg/dl) 

10
th

  day 

0.77 ± 

0.06
a*

 

28.4± 

2.49
a*

 

0.72 ± 

0.06
a
 

26.20± 

1.93
a
 

4.78 ± 

0.54
a
 

88.00± 

9.20
a
 

1.63 ± 

0.16
a
 

42.2± 

1.50
a
 

15
th

  day 0.53 ± 

0.03
a
 

27.00± 

1.52
a
 

8.28 ± 

0.76
b
 

115.2± 

4.65
b
 

1.35 ± 

0.13
a
 

39.8± 

1.07
a
 

Means carrying different superscripts within the same column are significantly (P ≤0.05) different. 

* In the control group (group I), all rats were sacrificed at day 10
th

. 

Renal lipid peroxidation and antioxidant 

status: 

Rats in group II had a non-significant 

(p≤0.05) increase in MDA levels at the 

10th and 15
th

 day pt. as compared to 

control group (Table 3). Levels of MDA 

were significant (p≤0.05) higher in group 

III than those of groups I and II. In 

contrast, MDA levels in group IV 

significantly (p≤0.05) decreased when 

compared to those in group III at the 10th 

and 15th dpi (Table 3). In rats of group III, 

GSH content and CAT, and SOD activities 

significantly (p≤0.05) increased in lipid 

peroxidation at 10 and 15 days as 

compared with group I (Table 3). In 

contrast, they were significantly (p≤0.05) 

increased in rats of group IV when 

compared to group III at the 10th and 15th 

dpi (Table 3). The effect was much more 

significant in MDA level at 15th than at 

10th day (Table 4). MDA, SOD and GSH 

parameters were significantly higher at 

15th dpi than at 10th dpi in groups III, IV 

and II, respectively (Table 4). 

Histopathological Observations: 

At 10
th

 dpi, tubular and glomerular 

changes with hyperemia and hemorrhage 

were found in group III (Fig. 1). Lesions 

severity ranged from moderate to severe 

grades. At 15
th

 dpi, lesions were mostly of 

severe grade in renal tissue of rats in group 

III (Fig. 2).  

Atrophic glomeruli were described 

affecting less than half of cortical section 

from the moderate grade (Fig. 1d), while 

the glomerular atrophy was observed 

affecting more than half of the cortical 

region from sever grades (Fig. 2 a, b & e).  

Destruction of glomerular capillaries 

with leakage of RBCs (Fig. 1 e & f and 

Fig. 2 b) and fibrinoid degeneration, 

necrosis and hyalization of renal blood 

vessels were observed in group III (Fig. 2 

c). Renal tubular epithelium desquamation, 

vacuolization inside tubular lumen, tubular 

dilation with hyaline casts were observed 

in group III (Fig. 1d & e and Fig. 2 a). 

Lymphocytic interstitial infiltration has 

intensified (Fig. 2 c & d). All together 

expressed in a sever grades. Collagen 

staining was shown in the glomeruli and 

around the Bowman's capsule (Fig. 1g&h 

and Fig.2e&f) and perivascular, in addition 

to its diffusely interstitial location (Fig.1h).   

In group IV, the renal architecture was 

less affected than that of group III. 

Minimal glomerular atrophy, tubular 

dilatation, swelling, and desquamation 

(Fig. 1 i & j). Less inflammatory cell 

infiltration were observed (Fig. 1 i & Fig. 2 

g). The fibrosis in interstitial decreased in 

comparison with group III and was mainly 

limited to periglomerular areas (Fig. 1 j & 

Fig. 2 h). The fibrosis and renal 

degenerative changes were improved at 

15
th

 dpt. when compared to 10
th

 dpt.  
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Table 3: Effects of wheat germ oil (WGO; 3ml/kg), gentamicin (GM; 100 mg/kg), and their combination (WGO + GM) on malondialdehyde 

(MDA; µmol/mg), glutathione (GSH; µmol/g) levels, catalase (CAT; U/mg) and superoxide dismutase (SOD; U/mg) activities in normal and 

treated rats at 10
th

 and 15
th

 day of experiment. (Mean ± SE) (N = 5).  

GSH 

 (µmol/g) 

SOD 

(u/mg) 

CAT 

(U/mg) 

MDA 

(µmol/mg) Group 

15
th

 day 10
th

 day 15
th

 day 10
th

 day 15
th

 day 10
th

 day 15
th

 day 10
th

 day 

0.68 ± 0.05
b
 20.10 ± 1.20

b
 4.57 ± 0.13

c
 9.06 ± 0.41

a
 Control* 

1.04 ± 0.20
c
 0.87 ± 0.06

b
 25.20 ± 2.22

b
 22.40 ± 1.72

c
 4.72 ± 0.25

b
 4.30 ± 0.22

b
 7.86 ± 0.32

a
 8.07 ± 0.09

a
 WGO  

0.44 ± 0.03
a
 0.26 ± 0.03

a
 6.26 ± 0.30

a
 9.80 ± 0.62

a
 1.01±0.099

a
 1.30 ± 0.12

a
 18.76±0.42

b
 16.30 ± 0.60

c
 GM 

0.87 ± 0.03
b
 0.77 ± 0.04

b
 23.60 ± 1.50

b
 16.60 ± 1.21

b
 3.90 ± 0.12

b
 3.40 ± 0.26

b
 9.77±0.40

a
 10.80 ± 0.46

b
 WGO + GM 

 
 

Values are expressed in Means ± SE.  

 Values superscripted by different letters within the same column are significantly (P ≤0.05) different. 

* In the control group (group I), all rats were sacrificed at day 10
th

. 
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Table 4: Comparable effects of wheat germ oil (WGO; 3ml/kg), gentamicin (GM; 100 mg/kg), and their combination (WGO + GM) on MDA 

(µmol/mg), GSH (µmol/g) levels, CAT (U/mg) and SOD (U/mg) activities in normal and treated rats at 10th and 15th day of experiment. (Mean 

± SE) (N = 5).  
 

Day 

of 
sampling 

Control* WGO  GM WGO + GM 

MDA 

(µmol/mg) 

CAT 

(U/mg) 

SOD 

(u/mg) 

GSH 

(µmol/g) 
MDA 

µmol/mg 

CAT 

(U/mg) 

SOD 

(u/mg) 

GSH 

(µmol/g) 
MDA 

µmol/mg 

CAT 

(U/mg) 

SOD 

(u/mg) 

GSH 

(µmol/g) 
MDA 

µmol/mg 

CAT 

(U/mg) 

SOD 

(u/mg) 

GSH 

(µmol/g) 

10th  day 

9.06 ± 

0.41a 

4.57 ±  

0.13a 

20.10 ± 

1.20a 

0.68 ± 

0.05a 

8.07 ± 

0.09a 

4.30 ±  

0.22a 

22.40 ±  

1.72a 

0.87 ±   

0.06a 

16.30 ± 

0.60a 

1.30 ±  

0.12a 
9.80 ±  

0.62a 
0.26 ±  

0.03a 
10.80 ± 

0.46a 

3.40 ±  

0.26a 
16.60 ±  

1.21a 

0.77 ±  

0.04a 

15th  day 
7.86 ± 

0.32a 

4.72 ±  

0.25a 

25.20 ±  

2.22a 
1.04 ± 

0.20b 

18.76 ± 

0.42b 

1.01 ± 

0.099a 

6.26 ±  

0.30a 
0.44 ±  

0.03a 
9.77 ± 

0.40a 

3.90 ±  

0.12a 
23.60 ±  

1.50b 

0.87 ±  

0.03a 

 

Means carrying different superscripts within the same column are significantly (P ≤0.05) different. 

* In the control group (group I), all rats were sacrificed at day 10
th

. 
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Fig. 1.  
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Fig. 2.  
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Fig. 2. Representative Photomicrographs of kidney histomorphologic sections of 

experimental groups rats after 15 days. Group III rats showing sever nephrotoxic changes: 

(a-d): showing severe glomerular atrophy and necrosis (a & b, thick arrows).Tubular 

epithelial necrosis and dilatation were observed (a, thin arrows). Vascular damage with 

sever hemorrhage (b, stars).Vascular congestion and thrombosis with fibrinoid degeneration 

around the blood vessels (c, white arrow), high lymphocytic cell infiltration (c & d, black 

arrows). Hx & E. (e-f) glomerular atrophy with collagen deposition in glomerulus and 

around Bowman’s capsules causing its thickening (e & f, arrow heads), marked collagen 

deposition inside or around tubules (tubule-interstitial fibrosis) (arrows). Masson’s 

trichrome staining, the bar size was indicated in the pictures. (g-h): kidney sections of group 

IV rats showing marked decreased glomerular atrophy with good cellular configuration (g, 

arrow head), regeneration of tubular and interstitial degeneration epithelium Hx & E. (h), 

showing minor collagen staining with good cellular organization (without atrophic areas) 

and with normal B.C thickening (h, arrow heads), in the tubules, collagen deposition was 

found, but not inside the epithelium (h, arrows). Masson’s trichrome staining. Bars = 50 µm 

in all parts. 

Fig.1. Light photo-micrographs of kidney sections from experimental groups after 10 

days, represented, (Figs. a-c): normal control kidney sections from group I (a&b) and 

group II (Fig. c) rats (Hx&E), Showing normal glomerular corpuscle (G) and Bowman’s 

capsule thickness )B.C), proximal (PCT) and distal convoluted tubules (DCT). (a and c ) 

Hx&E, (b) Trichrome stain. The bar size was indicated in the pictures. (Figs. d-h): 

gentamicin control group III (100mg/kg), showing moderate to severe nephrotoxic damage: 

Atrophic glomeruli (d). Tubular dilatation with evidence of epithelial cell desquamation 

(d&e, red arrows), vacuolar appearance in tubular epithelium (d&e, black arrow heads), 

with the presence of hyaline cast in renal tubular lumen (d, stars). Break down of 

glomerular capillaries and scattered hemorrhages were observed (e & f, white arrows). Hx 

& E. (Figs. g-h): Masson’s trichrome staining showing the pattern of collagen deposition 

(blue color), glomerular atrophy with collagen deposition in glomerulus and around 

Bowman’s capsules causing its thickening  (g & h, arrow heads), necrosis of  glomerular 

capillary tuft with deposited collagen (stars),  marked  collagen deposition inside or around 

tubules (tubule-interstitial fibrosis) (arrows). The bar size was indicated in the picture. 

(Fig.1I-J): moderate improvement of the histological structure in the form of decreased 

glomerular atrophy (i, arrow head), decrease in tubular and interstitial degeneration and 

necrosis (i, arrows), and decreased vascular damage. Hx & E. (Fig. J): Lower degree of 

collagen staining with good cellular organization (without atrophic areas) and with normal 

B.C thickening (j, arrow heads) and also in tubules (j, arrows), Masson's trichrome staining. 

Bars = 50 µm in all parts 
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Discussion 

Gentamicin is a charismatic antibiotic 

due to its chemical stability, fast 

bactericidal action, interaction with β-

lactam antibiotics, little frequency of 

resistance, and virtual lower cost. 

Unfortunately, these advantages are 

frequently overs had owed by 

complications of nephrotoxicity and 

ototoxicity (Wargo and Edwards, 2014). 

The principal implicated side effect of 

therapeutic dosages of gentamicin is 

nephrotoxicity. It has documented that up 

to 30% of patients treated with GM for 

further than 7 days display some symptoms 

of nephrotoxicity (Adil et al., 2016). The 

damaging effect of GM were varying 

according to the circadian time of its 

administration (McKinney et al., 2015).  

Renal damage is often expressed with 

an increase in serum levels of creatinine 

and urea nitrogen (Pai et al., 2012). It is 

well known that in muscles, creatine 

phosphate metabolism was established and 

gives rise creatinine as a non-protein 

byproduct of this process; creatinine is 

filtered by the kidney glomeruli normally. 

Contrariwise, the increased level of 

creatinine in the circulation might indicate 

failure in glomerular filtration rate and 

renal function (Vaidya et al., 2008). The 

elevated level of blood urea nitrogen is a 

well-manifestation of renal dysfunction as 

urea created by the liver is filtrated from 

blood by the kidney. (Arora et al., 2010). 

In the present study that rat’s administered 

gentamicin exhibited a marked elevation in 

serum creatinine and BUN. Our obtained 

results imply the induction of 

nephrotoxicity with renal dysfunction in 

gentamicin administered rats. this result 

was in the same context with (Banday et 

al., 2008) who reported that gentamicin 

treatment daily for 15 days produced a 

significant elevation in serum creatinine, 

blood urea nitrogen while the highest 

increase was documented after 10 days of 

gentamicin administration. 

The kidney dysfunction was observed 

to be associated with high renal oxidative 

stress as assessed in the form of a marked 

reduction in renal GSH. Moreover, a 

significant increase in renal lipid 

peroxidation as considered in the form of 

significant elevation in Malondialdehyde 

(MDA) was distinguished in gentamicin-

treated rats. These results confirm that 

gentamicin-induced nephrotoxicity is 

concurrent with induction of elevated renal 

oxidative stress. Gentamicin  

nephrotoxicity is supposed to be associated 

with the generation of reactive oxygen 

species as superoxide anion (O2
-
), 

hydrogen peroxide (H2O2), and hydroxyl 

radical (
•
OH) from renal cortical 

mitochondria, which is accompanying with 

an increase in lipid peroxidation and 

reduction in antioxidant enzymes 

(Randjelovic et al., 2017). So, the 

application of antioxidants hinders or 

inhibit cellular necrosis principally through 

their free radical destructing property 

(Lobo et al., 2010). 

Wheat germ oil consider a natural 

antioxidant may possibly be effective in 

attempting to lower gentamicin 

nephrotoxicity as a result of its antioxidant 

characteristics (Kandeil et al., 2018). In 

our study we considered the reno-

protective effect of wheat germ oil as 

antioxidants against oxidative stress 

damage and nephrotoxicity induced in rats 

by gentamicin throughout the estimation of 

renal function test on serum, oxidant and 

antioxidant markers and histological 

examination of renal tissue. Our results 

demonstrated the protective effect of wheat 

germ oil (1
st
 10 days with gentamicin) and 

curative effect (last 5 days from stopping 

gentamicin injection by 10 days). 
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Regarding renal function test, the 

results obtained from our study 

demonstrated that the serum creatinine and 

BUN level in the group II after  10 and 15 

days were slightly decreased compared 

with normal control group, this result was 

agreed with (Gazar et al., 2016). While the 

Pretreatment group IV showed a 

significant reduction in serum creatinine 

and BUN levels at both 10 and 15 days as 

compared to gentamicin control group III. 

This result seemed similar to (Kandeil et 

al., 2018) who reported that wheat germ 

significantly ameliorated the elevated 

serum creatinine levels and BUN in 

comparison with gentamicin treated group 

at p≤0.05. These results approve the 

protective and therapeutic curative 

influences of wheat germ oil. 

Moreover, GM treatment in group III 

significantly decrease renal antioxidant 

activity as indicated by reduced renal 

tissue GSH content and CAT, and SOD 

activities. The effect was more significant 

at 15
th

 than at 10
th

 day. Conversely, rats in 

group IV  showing significantly increase 

renal antioxidant activity as indicated by 

significant (p≤0.05) decrease in the renal 

lipid peroxidation; MDA content and 

significant (p≤0.05) increase in renal tissue 

GSH content and CAT, and SOD activities 

at 10 and 15 days as compared to 

gentamicin control group III. The effect 

was more significant (p≤0.05) at 15
th

 than 

at 10
th

 day in time dependent manner. 

These results indicate the reno-protective 

and antioxidant effects of WGO. 

Regarding oxidative stress assessment, 

our results revealed that intra-peritoneal 

injection of GM (100 mg/kg. b. wt.) daily 

for 10 days significantly (p≤0.05) 

increased the renal lipid peroxidation; 

MDA level after 10 and 15 days as 

compared to normal control group. The 

effect was more drastic at 15
th

 than at 10
th

 

day. This result was in agreement with ( 

Polat et al., 2006). Conversely, Our study 

showed that pretreatment of gentamicin 

treated rats with wheat germ oil afforded a 

significant reduction in MDA level and 

this result was confirmed by the findings 

of (Kandeil et al., 2018) who recorded a 

significant decrement in MDA level in 

gentamicin treated rats pretreated with 

wheat germ oil group. Our findings 

revealed that wheat germ oil afforded safe 

protective and curative effect against 

oxidative stress caused by gentamicin by 

reduction the elevation of MDA level.  

Regarding antioxidants (enzyme and 

non-enzyme) assessment, Renal tissue 

GSH levels, CAT and SOD activities in 

group II rats after 10 and 15 days were 

increased significantly (p≤0.05) in 

compared with normal control group, this 

result was hand in hand with (Gazar et al., 

2016, Kandeil et al., 2018). On the other 

side, in rats at group III; the CAT and SOD 

activity and GSH level were drastically 

decreased as compared to normal control 

group and this result was similar to 

(Abdel-Raheem et al., 2009) who 

documented that gentamicin produced a 

significant reduction in renal CAT and 

SOD activity and GSH level. Conversely, 

group IV rats elucidated a significant 

increase (p≤0.05) in the renal tissue CAT 

and SOD activity and GSH level as 

compared to the gentamicin control group 

III and this obtained result was partially in 

accordance with (Kandeil et al., 2018) who 

reported that treatment with wheat germ oil 

could improve renal CAT level to their 

normal activity when compared to 

gentamicin control administrated group. 

Our Results revealed that wheat germ 

oil afforded safe protective and curative 

effect through inhibition of free radicals 

that lead to the lipid peroxidation and 

oxidative stress by increasing the GSH 

level and CAT, SOD activity. 
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In the present study, the 

histopathological lesions were recorded as 

glomerular atrophy with 

glomerulosclerosis, as the most prominent 

change in the cortex in group III.  

The results of the present work 

revealed that tubular alterations were more 

noticeable in proximal convoluted tubules 

more than those observed in distal tubules 

in the form of tubular dilatation, epithelial 

cell desquamation, and vacuolar 

degeneration in addition to hyalinization 

casts observed inside tubular lumen and 

various location of collagen deposition. 

Similar findings have reported by 

(Mingeot-Leclercq and Tulkens, 1999). 

This possibly due to the piece of evidence 

that proximal convoluted tubules are the 

primary sets of reabsorption and active 

transport, thus leading to a greater 

concentration of gentamicin in the 

epithelial lining of these tubules. This may 

perhaps also propose that gentamicin 

nephrotoxicity is associated with its 

deposition in the proximal tubules. Renal 

cortex was more affected than the medulla. 

This might indicate that a considerably 

higher concentration of gentamicin reaches 

the cortex through the bloodstream than 

that arrive the medulla. This is in 

agreement with the findings of (Houghton 

et al., 1976).  

Gentamicin administration induced 

severe abnormalities in the glomerulus and 

tubules in gentamicin control group III rats 

after 15 days of experimentation as 

compared to normal group rats. 

Glomerular atrophy with congestion of the 

glomeruli was distinct, this was confirmed 

on histopathological examination by 

(Shirwaikar et al., 2003). Significant 

changes in kidney tubules may be due to 

gentamicin reabsorption site in proximal 

convoluted tubules, resulting in 

degeneration and necrosis of the epithelial 

cells of the tubules. These findings are in 

concurrence with ( Ullah et al., 2013).  

Pre-administration of WGO to GM 

treated rats presented in group IV 

expressive improvement in kidney 

glomeruli and tubules marked by the 

reduction of glomerular atrophy and 

reduction of renal tubular damage. In 

addition to, a lower degree of collagen 

staining with virtuous cellular 

configuration (without atrophic), than that 

observed in the gentamicin control group 

III, this is due to the protective and 

curative role of wheat germ oil against 

lipid peroxidation and oxidative stress 

which could suppress the inflammatory 

response induced by gentamicin (Hussein 

et al., 2014). Our recorded results 

confirmed that WGO is efficiently 

protected against gentamicin 

nephrotoxicity, and its cure effect after 15 

days was much better than that observed 

after 10 days of experimental duration. 

This finding is confirmed by (Kandeil et 

al., 2018), who confirmed the reno-

protective role of WGO against direct and 

indirect toxic effects of gentamicin on 

kidney within adjustment of BAX-BCL-2 

gene expressions and additional inhibition 

of mitochondrial cytochrome c 

translocation into the cytosol (Kandeil et 

al., 2018). 

Conclusion 

In conclusion, this study may pave the 

way for the utilization and exploitation of 

WGO as sources of natural antioxidant. 

Our results showed that GM treatment 

induced alterations in rats sera related to 

nephrotoxicity, elevated lipid peroxidation 

and induced overproduction of free 

radicals in rat renal tissues indicating 

perturbed antioxidant defense system. 

Moreover WGO administration showed a 

significant protective effect against GM-

induced nephrotoxicity due to its 
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antioxidant effect and free radical 

scavenging activities. 
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