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Abstract 

Purpose: To investigate the protective effect of vitamin E (Vit E) and selenium (Se) combination against 
gentamycin (GM)-induced renal and hepatic toxicity in rats.  
Methods: Forty-eight male Wistar albino rats were administrated GM at a dose of 80 mg/kg/day, with or 
without Se (1.5 mg/kg/day), and/or Vit E (250 mg/kg/day) for a period of 4 weeks. Serum samples from 
each rat were subjected to biochemical analysis for kidney and liver functions, while kidney and liver 
biopsies were also investigated by histological examination. 
Results: GM significantly increased serum creatinine, urea, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and free radicals (p < 0.05). Moreover, GM induced significant histological and 
ultrastructural alterations in the renal and hepatic tissues of the rats. Exposure to a combination of Vit E 
and Se did not attenuate the GM-induced toxicity in renal and hepatic tissues.   
Conclusion: These results suggest that Vit E and Se combination have no significant protective role 
against GM-induced hepatic and renal toxicity. 
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INTRODUCTION 
 
Gentamicin (GM) is still considered an important 
aminoglycoside antibiotic which is widely used in 
treatment of bacterial infections caused by gram 
negative bacteria [1]. It is used clinically in 
treatment of urinary tract infections and 
endocarditis [2]. However, treatment with this 
antibiotic causes renal and hepatic toxicity 
through induction of oxidative stress, apoptosis 
and necrosis [3]. The GM-induced nephrotoxicity 

is related to its accumulation in the renal 
proximal convoluted tubules leading to acute 
renal failure and tubular necrosis [4]. 
 
Extracts of medicinal plants, trace elements, 
vitamins and antioxidants have been successfully 
used to ameliorate GM-induced toxicity [5-7]. 
Several approaches have been attempted for 
reducing GM toxicity. These efforts were mainly 
focused on the use of plant antioxidant extracts 
[6] or other agents with antioxidant properties [8].  
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Vitamin E (Vit E) and selenium (Se) are essential 
nutrients which function as antioxidants and 
hence minimize cellular damage caused by free 
radicals such as reactive oxygen species and 
endogenous peroxides [9]. Vitamin E and Se 
prevent oxidative damage to the cellular 
membrane by decreasing hydroperoxide 
formation [10]. Previous studies have reported 
the nephro-protective effects of Vit E and Se in 
rats fed high-cholesterol diets [11], and in 
organo-phosphate-induced toxicity [12] and 
cadmium-induced renal toxicity [13]. In addition, 
Vit E and Se are protective against malathion-
induced hepatotoxicity [14].  However, Vit E, in 
combination with diphenyl-phenylenediamine, did 
not exert protective effects against GM-induced 
nephrotoxicity [15]. Indeed, a study has reported 
that Vit E increased the risk of cancer 
development [16]. 
 
Several studies have reported the 
nephroprotective and hepatoprotective effects of 
Vit E and Se, but the effect of Vit E and Se 
combination on GM-induced nephrotoxicity and 
hepatotoxicity has not been investigated. 
Therefore, the present study was conducted to 
determine the in vivo influence of orally-
administered Vit E and Se on GM-induced 
toxicity in renal and hepatic tissues.  
 
EXPERIMENTAL 
 
Chemicals and drugs 
 
Gentamicin was obtained from Al-Qassim 
Pharmaceutical Company of Saudi Arabia. 
Vitamin E (α-tocopherol, Evion 100 mg capsule) 
and Se were purchased from Merck Limited 
Company, Germany, and Oxoid Limited 
Company (Basingstoke, UK), respectively. 
 
Experimental animals 
 
Adult male Wistar albino rats weighing 220 – 250 
g were obtained from the Animal Care Centre in 
College of Pharmacy, King Saud University. All 
rats were housed under controlled conditions 
which included controlled suitable temperature 
(22 ± 1°C) and a 12h light/12h dark cycle. The 
rats were fed laboratory animal diet and water ad 
libitum. The protocol for the current study was 
approved by the Research Ethics Committee of 
College of Pharmacy, King Saud University, with 
reference number 97-40. All the experimental 
procedures were conducted in the Histology and 
Cell Biology Laboratory at King Saud University, 
Saudi Arabia. The rats were handled and treated 
according to the guidelines of Canadian Council 
on Animal Care [17]. 

 
Experimental design 
 
Forty-eight male Wistar albino rats (Rattus 
norvegicus) were randomly assigned to four 
groups of 12 rats each as follows:  
 
Control: Each rat received daily 1 mL of 0.9 % 
saline and 0.25 mL corn oil via gavage for a 
period of 4 weeks.  
 
GM-treated: The rats were given GM at a dose of 
80 mg/kg/day via intramuscular (im) injection for 
a period of 4 weeks.  
 
GM-treated group with co-administration of Vit E 
and Se: Single daily doses of Se (1.5 mg/kg) and 
Vit E (250 mg/kg, dissolved in corn oil) were 
administrated to the rats via gavage. One hour 
later, GM was given at a dose of 80 mg/kg via im 
injection for 4 weeks. 
 
Vitamin E- and Se-treated: The rats in this group 
received daily single dose of Se (1.5 mg/kg) and 
single dose of Vit E (250 mg/kg) via gavage for 4 
weeks.  The doses of GM, Vit E and Se were 
based on previous investigations [7,12,14].  
 
Biochemical analyses 
 
At the end of the first and fourth weeks after 
treatment with GM and combination of Vit E and 
Se, blood samples were taken from the orbital 
sinus of each rat, and serum was obtained for 
measurement of biochemical parameters of 
kidney function (urea and creatinine), and liver 
function (ALT, AST, and alkaline phosphatase, 
ALP). A blood Chemical Analyser (Reflotron, 
Roche Co., Germany) was used for the 
biochemical analysis, using the appropriate 
assay kits. The levels of free radicals in rat blood 
were determined with FRAS-4 (Iram-Param Co., 
Italy), as described previously [14]. 
 
Histopathological examination 
 
Six rats from each group were sacrificed. The 
kidney and liver specimens were excised for 
histological examination at the end of first and 
fourth weeks of treatment with GM and the 
combination of Vit E and Se. Fresh biopsies of 
both kidney and the liver from each rat were 
taken and fixed in neutral buffered formalin (10 
%), followed by dehydration in ascending 
concentrations of ethanol (70 to 100 %). 
Dehydration was followed by clearing in xylene. 
Then, the tissue samples were impregnated in 
molten paraffin wax, embedded and blocked. 
Thereafter, 4-µm tissue sections were sliced with 
a microtome and stained with hematoxylin and 
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eosin (H & E). Histological changes were 
observed and photographed under an Olympus 
Microscope BX51 with Digital Camera (Japan). 
 
Ultrastructural analysis 
 
For ultrastructural analysis, small, fresh tissue 
blocks (1 - 3 mm3) were cut off from the kidney 
and liver tissues. Tissue blocks were fixed in 3 % 
glutaraldehyde solution which was embedded in 
epoxy resin and processed for ultrastructural 
analysis using electron microscopy. 
 
Statistical analysis 
 
Data are presented as mean ± standard 
deviations (SD). The data were statistically 
analysed with SAS, 2002, using one-way 
ANOVA test. Statistically significant changes in 
comparison with the control group were indicated 
as p < 0.05.  
 
RESULTS 
 
Effect of Vit E and Se on GM-induced 
biochemical alterations 
 
Table 1 shows that GM significantly elevated 
serum ALT, ALP, AST, urea and creatinine levels 
after 1 and 4 weeks of exposure (p value < 0.05). 
Co-administration of vitamin E and Se did not 
ameliorate the GM-induced changes in kidney 
and liver functions tests. Indeed, after 4 weeks of 
treatment of the GM rats with Vit E and Se, ALT 
and AST were more significantly elevated, 
relative to rats treated with GM alone (p < 0.05). 
On the other hand, Vit E + Se- treated rats had 
significantly lower levels of free radicals (p < 
0.05) after 1 and 4 weeks of administration, when 
compared with the GM-treated rats and GM rats 
that received co-administration of Vit E and Se. 
 
Effect of Vit E and Se on GM-induced renal 
histological alterations 
 
The kidneys of control rats showed normal 
histological features of glomerular, tubular and 
interstitial components of the cortex and the 
medulla (Figure 1 a). In addition, ultra-thin 
sections of the control kidneys showed normal 
ultrastructure (Figure 1 b). The epithelial lining of 
the PCTs had normal profuse apical microvilli 
and spherical nuclei with euchromasia. Several 
mitochondria were observed in the cytoplasm of 
the renal cells. 
 

 
 
Figure 1: (a) Photomicrograph of kidney section of 
control rat demonstrating normal structures (H & E, 
×400); (b) Electron micrograph of kidney of control rat 
with normal ultrastructure. Note the spherical nucleus 
with euchromasia, together with normal mitochondria 
and profuse apical microvilli (×5000). 
 
There were no abnormalities in the histology and 
ultrastructure of the kidneys from rats treated 
with Vit. E and Se. In contrast, GM induced 
marked tubular and interstitial alterations in the 
kidneys of rats in the GM-treated group. The 
tubular alterations due to GM treatment 
appeared early in the form of necrosis, 
degeneration and vacuolization by the end of the 
first week. The degenerative tubules had swelling 
and loss of the proximal tubular brush border. 
These changes were seen in most of the 
proximal convoluted tubules, and to a lesser 
extent in the distal tubules (Figure 2a). Severe 
tubular necrosis occurred and intertubular 
lymphocytic infiltration appeared after one week 
of GM treatment at dose 80 mg/kg (Figures 2 b 
and 2 c). Moreover, lymphocytic infiltration was 
prominent after 4 weeks of GM treatment. 
However, the damage was seen more in the 
outer layer of the kidney cortex than in the 
medulla. 
 
Renal tubules in the group treated with GM and 
Vit E+Se combination showed accumulation of 
luminal debris by the end of the first week (Figure 
2 d). In addition, lymphocyte infiltration after 4 
weeks of co-administration of GM, Vit E and Se 
was almost similar to that seen in the kidney of 
rats exposed to GM only (Figure 2 e). At the end 
of the first week, calcification of the necrotic renal 
tubules was observed (Figure 2 f). 
 
Relative to the ultrastructure of the control 
kidneys, renal cells of the proximal convoluted 
tubules (PCT) of rats that received GM only had 
ultrastructural alterations such as necrosis, 
cytoplasmic vacuolation and cellular debris 
(Figure 3 a). The changes extended to the distal 
convoluted tubules (DCTs) and collecting ducts 
which showed a lot of lysosomal structures and 
large phagocytic vacuoles (Figure 3 b). The renal 
ultrastructure of rats in this group showed no 
significant recovery from the GM-induced 
alterations. 
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Table 1: Blood biochemical analysis (mean ± SD) at weeks 1 and 4 
 

Parameters      Control (I) Vit E (II) GM 80 mg/kg (III) GM 80+ GM and Se  (IV) 
Week 1 Week 4 Week 1 Week 4 Week 1 Week 4 Week 1 Week 4 

ALP (μl/L) 419±00.10B 389±00.00D 361±0.00C* 590±00.00A* 320±00.00D* 557±25.98B* 323.67±19.66CD* 414±0.00C* 

ALT (μl/L) 34.6±1.56B 52.7±4.85BC 34±5.54B 55.8±4.33B 47.03±4.21A* 47.43±0.93C 29.73±00.00B 151±0.00A* 

AST  (μl/L) 180.33±21.36CB 224±12.12B 137.67±4C 136.67±35.27C* 296±34.64A* 246±17.58B 145.33±22.81C 353±0.00A* 
Creatinine 
(mg/dl) 0.5±0.1D 0.50±0.02A 0.5±0.21D 0.50±0.15A 0.83±0.03D 0.60±0.06A 6.39±1.46A* 0.70±0.00A 

Urea (mg/dl) 37.63±0.75D 49.53±6.12A 37.3±3.63D 40.63±0.63B* 89.73±10.62C* 55.17±5.61A 274±1.00B* 53.90±0.00A 

Free radicals 
 (U Carr) 365±0.00A 322±0.00B 296±17.32A 253±0.00C* 360±0.00A 379.67±26.69A

* 290.33±83.72A 371±0.00A* 

*Significant difference (p < 0.05, compared with control group. Different letters within the same row indicate significant differences (p < 0.05) between 
experimental groups for the same biochemical parameter 
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Figure 2: Photomicrographs demonstrating: (a) 
accumulation of eosinophilic materials in the collecting 
tubules of the medulla after one week of treatment 
with GM + Vit E + Se; (b) severe necrosis and 
accumulation of eosinophilic debris in the kidney 
convoluted tubules after one week of GM 
administration; (c) calcified necrotic tubules with 
intraluminal accumulation of necrotic debris after one 
week of treatment with GM + Vit E + Se); (d) 
accumulation of eosinophilic materials in the collecting 
tubules of the medulla after one week of GM+ Vit E + 
Se administration; (e) severe necrosis and 
accumulation of eosinophilic debris in the kidney 
convoluted tubules after one week of GM 
administration; (f) necrotic tubules with intraluminal 
accumulation of necrotic debris after one week of 
treatment with GM + Vit E + Se. (H & E, × 400). 

 

 
 
Figure 3: Electron micrograph showing epithelial cells 
lining the PCT of (a) GM-treated rat after one week, 
demonstrating necrosis and cytoplasmic vacuolations 
containing cellular debris; (b) Electron micrograph 
GM+Vit.E +Se-treated rats after one week, showing 
lysosomal structures and large phagocytic vacuoles 
(×4000) 
 
Hepatic histological alterations 
 
The hepatic tissues of the control rats 
demonstrated normal architecture with normal 

hepatic lobules, hepatocytes and hepatic portal 
triads (Figure 4a). In addition, the ultrastructure 
of the control liver appeared normal (Figure 4b). 
The hepatocytes showed normal nucleoplasm 
with nuclei surrounded by even distinct nuclear 
envelop showing heterochromatin adjacent to the 
border. The cytoplasm of these hepatocytes 
appeared crowded with mitochondria, 
endoplasmic reticulum and bounded ribosomes. 
 

 
 
Figure 4: a- Photomicrographs showing liver of control 
rat with normal histological structure (H & E; ×400); b- 
Electron micrograph showing liver of control rat with 
normal ultrastructure (×6000) 
 
Rats treated with a combination of Vit E and Se 
had no significant changes in renal or hepatic 
tissues. In contrast, after 4 weeks of treatment, 
liver sections from GM-treated rats showed 
congestion and haemorrhagic foci accompanied 
by hepatic necrosis and lymphocytic infiltration 
(Figures 5 a - 5c). 
 

 
 
Figure 5: (a) Photomicrograph of liver section of GM-
treated rats showing- scattered hemorrhagic-necrosis 
after one week of drug administration (H & E; ×1000); 
(b) focal necrosis with lymphocytes infiltration 
microgranuloma) (*) after one week of GM 
administration (×400); (c)  haemorrhagic foci with 
necrosis after 4 weeks of treatment (H & E; ×400)  
 
Similar to rats exposed to GM only, rats in the 
group treated with GM in combination with Vit 
and Se had hepatocytes necrosis and 
lymphocytic infiltration (Figures 6a-d). 
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Figure 6: Photomicrograph of liver section from rats 
treated with GM+Vit E +Se showing (a) necrosis at the 
end after one week (H & E; x1000); (b) focal necrosis 
and pyknosis after one week (H & E; x1000); (c)  
hemorrhage with edema after 4 weeks (H & E; x400); 
(d) hemorrhagic foci with necrosis after 4 weeks (H & 
E; x400). 
 
Ultrastructural changes 
 
Co-administration of GM and Vit E + Se led to 
mitochondrial swelling and crystolysis, necrosis, 
endoplasmic reticulum disruption and occasional 
cytoplasmic vacuolization, as shown on Figures 
7 a and 7b. 
 

 
 
Figure 7: Electron micrographs of hepatocytes of rats 
treated with Gm + Vit E + Se for 4 weeks showing (a) 
necrotic foci (×5000); (b) swollen mitochondria with 
damaged cristae (×10000) 
 
DISCUSSION 
 
Gentamicin (GM)-induced toxicity limits chronic 
administration of GM. The present study 
investigated the in vivo chemoprotective role of 
oral Vit E and Se against GM-induced 
hepatotoxicity and nephrotoxicity. The findings 
revealed that daily administration of GM at a 
dose of 80 mg/kg for 4 weeks led to significant 
hepatotoxicity and nephrotoxicity in rats. In 
addition, the study showed that co-administration 
of oral Vit E and Se combination did not 
ameliorate the GM-induced toxicity. These 
findings may indicate that oral administration of 
Vit E and Se does not protect against GM-
induced hepatotoxicity and nephrotoxicity. 
 

Several studies have reported that GM caused 
hepatotoxic and nephrotoxic effects in 
experimental animals [6,18]. The results of the 
present study are in line with these previous 
reports, since GM induced significant toxicity 
after 1 week treatment, as shown in significant 
increases in serum levels of ALT, AST, creatinine 
and urea, and histological alterations in the 
hepatic and renal tissues of the rats. 
Interestingly, there were no significant 
differences in results of kidney and liver function 
tests between 1-week GM administration and 4-
week GM administration. This finding may 
indicate that 1-week GM administration is 
enough to induce significant hepatotoxic and 
nephrotoxic effects in rats.  The observed renal 
histological changes, and the accompanying 
increased levels of ALP indicate functional 
disorders in the liver and kidney, as postulated 
by Kim and Moon study [19]. It has been 
reported that GM induced renal toxicity and 
significant elevation in ALP [3]. The hepatic 
alterations observed in histological examination 
in the present study confirm that significant 
structural changes in the liver lead to significant 
increase in the blood level of ALT. 
 
Creatinine and urea are considered biomarkers 
of the efficiency of renal function [20]. Increased 
blood creatinine and urea are strongly related to 
renal damage [7]. Consistent with this 
relationship, it was found exposure to GM 
caused significant renal alterations and 
significant elevations in serum creatinine and 
urea. These results are in agreement with those 
obtained in an earlier study in which creatinine 
and urea levels were elevated after 5-7 days of 
GM administration [7]. 
 
The GM-induced hepatotoxicity and nephron-
toxicity might be a result of the generation of 
reactive oxygen species which increase lipid 
peroxidation and lower the activities of 
antioxidant enzymes [21]. In addition, GM acts as 
an iron chelator by forming an iron-GM complex 
which is considered a potent catalyst of free 
radical generation [22]. Some studies have 
shown that antioxidant agents such as curcumin, 
Arabic gum, probucol, vitamin C, lycopene and 
grape seed extract can be used to ameliorate 
GM-induced nephrotoxicity in rats [18,21,22]. 
 
Vitamin E and Se are popularly used as 
antioxidants, and some studies have reported 
that these agents ameliorated drug-induced 
toxicity [14]. The present study found that 
combined treatment with Se and Vit. E lowered 
free radical levels, when compared to 
corresponding values for the control and GM-
treated groups. However, co-administration of 
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GM with Vit E and Se did not ameliorate the 
levels of free radicals, consistent with elevated 
levels of kidney and liver function biomarkers, 
and with abnormal histological alterations. These 
findings may indicate that the antioxidant effects 
of orally administrated Vit E and Se are not 
sufficient to protect the liver and kidney from 
oxidative stress induced by GM exposure. This 
may be due to the incomplete oral absorption of 
Vit E and Se, or due to other reasons which need 
further investigation. The results of the current 
study agree with a previous report which showed 
that Vit E and diphenyl-phenylenediamine failed 
to offer protection against GM-induced 
nephrotoxicity [15]. However, the findings of the 
present study are in agreement with those of a 
previous study which indicated that Vit E 
attenuated GM-induced nephrotoxicity in rats 
[23]. It has been shown that Vit E and Se 
combination might not be beneficial to health and 
recovery from diseases. Moreover, it has been 
demonstrated that the use of Vit E and Se 
supplements did not offer any appreciable 
benefits in prevention of prostate cancer [24]. 
Indeed, Vit E and Se supplementation has been 
shown to significantly increase the risk of 
prostate cancer among healthy men [16]. The 
elevation of serum ALT and ALP levels as seen 
in the present study may indicate that Vit E and 
Se may have harmful impact on the liver. 
 
CONCLUSION 
 
The results obtained in the present investigation 
indicate that exposure to GM is capable of 
inducing significant biochemical alterations, 
together with marked deleterious ultrastructural 
alterations in renal and hepatic tissues. However, 
oral administration of Vit E and Se combination 
does not ameliorate GM-induced toxicity. 
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