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Abstract 
Gentamicin is an antibiotic whose clinical use is limited by 
its nephrotoxicity. Coenzyme Q10 (CoQ10) is an effective 
antioxidant and  used for therapy of a number of  diseases. 
The present study was designed to investigate the possible 
protective effect of CoQ10 against gentamicin induced 
nephrotoxicity in mice. Thirty five adult male mice were 
used in this study and were randomly divided into five 
groups, each consisting of seven animals as follows: group 
I: normal control; group II: treated with CoQ10 (30 
mg/kg/day, orally for 14 days); group III: treated with 
gentamicin (80 mg/kg/day, i.p. for 14 days); group IV: 
treated with CoQ10 and gentamicin for 14 days; group V: 
treated with gentamicin (80 mg/kg/day) i.p. for 14 days, 
after that the animals were given CoQ10 (30 mg/kg/day) 
orally for 7 days. At the end of the experiment, blood was 
collected and serum was separated for the estimation of 
serum creatinine and urea. Then the mice were sacrificed 
and kidneys were removed for histopathological study.  
The biochemical results showed that Coenzyme Q10 
administration with gentamicin injections significantly 
decreased serum urea and creatinine when compared with 
gentamicin group. Light microscopic examination of the 
renal tissues from gentamicin-treated mice revealed severe 
histopathological changes, whereas specimens obtained 
from CoQ10 treated mice revealed only mild changes. 
Conclusion: It appears that CoQ10 has some protective role 
against gentamicin induced nephrotoxicity. 
 
Keywords: Gentamicin, Coenzyme Q10, nephrotoxicity, 
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1   Introduction 
 Gentamicin is one of the most commonly used 

aminoglycoside antibiotics for the treatment of serious and 
life-threatening infections caused by Gram-negative 
aerobes (Negrette-Guzman et al., 2013). Despite its 
beneficial effects, low cost and low levels of resistance, 
serious complications like nephrotoxicity and ototoxicity 
are dose-limiting factors in the use of aminoglycosides 
(Sun et al., 2013). This antibiotic generally causes drug-
induced dose-dependent nephrotoxicity in 10-20% of 
therapeutic courses (Martínez-Salgado et al., 2007).The 
toxicity of gentamicin seems to relate to the generation of 
destructive reactive oxygen species (ROS) in these cells 
(Al-Majed et al., 2002; Reiter et al., 2002). ROS have been 
proposed as a causative agent of cell death in many 
different pathological states (Mizrak et al., 2004) including 
glomerular disease (Cuzzocrea et al., 2002) and renal 
ischemia reperfusion injury (Sahna et al., 2003). Most 
research studies against gentamicin-induced nephrotoxicity 
are focused on the use of various antioxidants (Khan et al., 
2009). 

Coenzyme Q10, also known as ubiquinone, is an 
naturally-occurring lipid soluble antioxidant that is 
endogenously synthesized (Littarru and Tiano, 2007). It is 
used as a dietary supplementation and as a co therapy in 
conjunction with medication in a number of conditions, 
including cardiovascular diseases, cancer, muscular 
neurodegenerative disorders, and diabetes (Villalba et al., 
2010). The nephroprotective effect of CoQ10 is still 
controversial. On one hand, CoQ10 showed 
nephroprotective effects in some animal models (Fouad et 
al., 2010; Persson et al., 2012). On the other hand, no renal 
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protection has been reported in another animal study 
(Sutken et al., 2007). So this work was designed to study 
the protective effect of the  CoQ10 on gentamicin-induced 
renal damage.  

2 Materials and Methods 

2.1. Chemicals: 
Coenzyme Q10 was produced by Arab Company 

for Pharmaceuticals and Medical Plants (MEPACO  - 
MEDIFOOD), Enshas El Raml, Sharkeya, Egypt. The dose 
of CoQ10 was 30 mg/kg body weight. CoQ10 was 
dissolved in distilled water and administered orally every 
day.  Gentamicin sulphate (Garamicin 80 mg/2 ml 
ampoule) was purchased from Memphis Co. for Pharm. & 
Chem.ind. Cairo- A.R.E. under authority of Schering – 
Plough Coporation/U.S.A. The dose of gentamicin was 80 
mg/kg body weight and was given intraperitoneally for 
consecutive 14 days.   
2.2. Animals 
Male albino mice  obtained from Laboratory Animal 
House, National Research Centre, Cairo, Egypt,weighing 
20 - 25 g were used in this study.  The animals were housed 
in groups of 7 in stainless steel community cages at 22 ± 2 
oC with a 12 hr. light/dark cycle and allowed to acclimatize 
for one week prior to experimental use. Throughout the 
experiment, the mice allowed free access feed (mice dietary 
pellets prepared by Cairo Company of Oil & Soap, Egypt) 
and water  was allowed ad libitum.  
2.3. Experimental Design:  

Thirty five mice were used and classified into 5 
groups (7 mice / group). 

Group I: The control group.                                                                 

Group II: Mice were given CoQ10 (30 mg/kg b.w.) orally  
for 14 days. 
Group III: Mice were given gentamicin (80 mg/kg b.w.) 
intraperitoneally for 14 days.  
Group IV: Mice were given CoQ10 (30 mg/kg b.w.) orally 
3 hours before giving gentamicin (80 mg/kg b.w.) for 14 
days.    
Group V: Mice were given gentamicin (80 mg/kg b.w.) 
intraperitoneally for 14 days, after that the animals were 
given CoQ10 (30 mg/kg b.w.) orally for 7 days.     
2.4. Determination of serum creatinine and urea levels: 

Blood samples were collected using the orbital sinus 
technique of Sanford (1954). Blood was collected in dry 
tube and left to clot, then centrifuged at 5000 r.p.m for ten 
minutes. Serum was separated and stored at −20

◦C for 
subsequent measurement of serum creatinine and urea 
levels. The serum parameters were analyzed 
spectrophotometrically by using double beam UV-Visible 
spectrophotometer. Estimation of serum creatinine and urea 
were carried out using olorimetric assay kits from 
Vitroscient, Egypt according to the methods of Faulkner 
and King (1976) and Patton and Crouch (1977) 
respectively. 

 

2.5. Histopathological method:  

Mice were sacrificed and their kidneys were 
removed and prepared for histopathological examination 
Kidneys were dissected out and fixed instantaneously in 
10% formal saline for 24 hours. The specimens were 
washed in tap water, dehydrated in ascending grades of 
ethanol, cleared in xylene, embedded in paraffin wax 
(melting point 55-60 oC). Paraffin sections of 6 μm 
thicknesses were prepared and stained with Haematoxylin 
and Eosin (H and E) (Drury and Wallington, 1980). 

2.6. Statistical analysis 

Microsoft Excel 2007 and SPSS (version 21.0) 
software programs were used for data analysis. Results 
were expressed as the means ± SEM. Statistical significant 
difference was determined by one-way analysis of variance 
(ANOVA) followed by post hoc Tukey test for multiple 
comparison. Probability values (P) less than 0.05 were 
considered to be statistically significant. 

3. Results 
3.1. Bicochemical results  

Administration of CoQ10 alone had no effect on 
the level of serum creatinine and urea. Gentamicin treated 
group showed a significant increase at p< 0.05 in the level 
of serum creatinine and urea as compared to the control 
group. On the other hand, gentamicin pre-treatment with 
CoQ10 showed a significant reduction at P< 0.01 in the 
high levels of serum creatinine and urea as compared with 
gentamicin group. Gentamicin post-treatment with CoQ10 
resulted in significant decrease at P< 0.01 in the levels of 
serum creatinine and urea as compared with gentamicin 
group  (Figure 1, a&b)].  
3.2. Histopathological observations 

Microscopic  examination  of  kidney sections of 
control mouse showed  the normal structure of  the renal 
corpuscles and tubules (Figure 2a). Examination of kidney 
sections of CoQ10 treated mice showed the normal 
structure of the renal corpuscles and tubules (Figure 2b). 
Microscopic examination of renal cortex of gentamicin 
treated mice showed atrophy in glomeruli, widening in 
Bowman’s capsule, tubular dilatation and desquamation of 

their lining cells (Figure 2c). Interstitial hemorrhage was 
also shown (Figure 2c). Necrotic tubules with dense 
cytoplasm and pyknotic nuclei and hyaline material were 
observed (Figure 2d). There were congested blood vessels 
and some tubules showed complete loss of their lining cells 
(Figure 2d).  These changes were most prominent in the 
proximal convoluted tubules. Cellular infiltration and 
hyaline degeneration were also showed (Figure 2e). 
Histopathological Examination of kidney sections of mice 
treated with CoQ10 and gentamicin showed the renal 
corpuscles and tubules appeared more or less like normal 
(Figure 2f). Examination of kidney sections of mice treated 
with gentamicin and CoQ10 showed the normal structure of 
the renal corpuscles and tubules. Some tubules showed 
vacuolar degeneration (Figure 2g).  
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Figure (1): Effect of CoQ10 on serum creatinine (a) and urea (b) in mice treated with gentamicin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figiure (2): Light microscope photomicrographs showing the protective effects of CoQ10 against histopathological 
alterations induced by gentamicin in the kidney tissues of different experimental groups (H&E stain, scale bar: 20 μm). 
(a) Section from control group showing a glomerulus (G) surrounded by proximal and distal convoluted tubules (PCTs 
and DCTs). (b) Section from CoQ10 treated group showing the normal structure of the renal corpuscle and tubules. (c) 
Section from gentamicin treated group showing hypotrophy in glomeruli (white arrows), widening in Bowman’s space 

(star) and tubular dilatation (T) and desquamation of their lining cells (arrows). Notice: interstitial hemorrhage (Hg). (d) 
Section from gentamicin treated group showing tubular necrosis (N) and presence of hyaline material (H). Some tubules 
show complete loss of the lining cells in some tubules (arrow). Notice: congested blood vessel (BV). (e) Section from 
gentamicin treated mouse showing cellular infiltration (arrow) and hyaline degeneration (H). (f) CoQ10 and gentamicin 
treated mouse showing the renal corpuscles and tubules appeared more or less like normal. (g) Section from gentamicin 
and CoQ10 treated mouse showing the normal structure of the renal glomerulus (G) and tubules (arrows). Some tubules 
show vacuolar degeneration (V). 
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4 Discussion 
 

The aminoglycoside antibiotic gentamicin is an 
important agent against life threatening infections. 
However, nephrotoxicity is a major complication of the 
gentamicin administration. Thus amelioration of 
nephrotoxicity would enhance its clinical use. Several 
approaches involving the use of chemical compounds have 
been used to reduce gentamicin nephrotoxicity (Cuzzocrea 
et al., 2002; Parlakpinar et al., 2005). But little attention has 
been paid on the use of naturally occurring substances with 
potent antioxidant properties to protect against nephrotoxic 
damage induced by gentamicin. In the light of this, we have 
explored the possible protective role of CoQ10, a natural 
antioxidant substance on gentamicin-induced 
nephrotoxicity.  

In the present work, serum creatinine and urea 
concentrations were estimated to assess the extent of 
nephrotoxicity. gentamicin treated mice showed a highly 
significant increase of serum creatinine and urea. This is 
confirmed with Karadeniz et al. (2008) and Moreira et al. 
(2014). The authors considered this increase as a result of 
nephrotoxicity. This observation was also reported by 
Farombi and Ekor (2006) who found that treatment with 
gentamicin (100 mg/kg, intraperitoneally) for 7 days 
resulted in significant elevations in serum urea and 
creatinine levels.  

The current study showed that marked elevations of 
serum creatinine and urea concentrations were suggested as 
a significant functional impairment of kidney in gentamicin 
induced nephrotoxicity as previously explained by 
kalayarasan et al. (2009). Kumar et al. (2000) reported that 
administration of gentamicin (80 mg/kg b.w.) 
intraperitoneally for 8 days significantly increased serum 
creatinine. Serum creatinine concentration is a more potent 
indicator than the urea in the first phases of kidney disease. 
Furthermore, urea concentrations begin to increase only 
after parenchyma injury (Erdem et al., 2000). The ability of 
the kidney to filter creatinine (a non-protein waste product 
of creatinine phosphate metabolism) is reduced during 
renal dysfunction as a result of diminnished GFR. Thus, the 
increase in serum creatinine level is an indication of renal 
dysfunction (Perrrone et al., 1992).  

In the present study,  gentamicin pre or post-
treatment with CoQ10  resulted in significant reduction in 
the elevated levels of serum creatinine and urea. This is in 
agreement with Fouad et al. (2010) who found that CoQ10 
significantly reduced BUN and serum creatinine levels 
which were increased by cisplatin. The success of CoQ10 
in reducing serum creatinine and urea concentrations could 
be attributed to its antioxidant properties because it has 
been found that ROS may be involved in the impairment of 
GFR (Pedraza-Chaverri et al., 2000). This is also 
concordant with the reports of Brunton et al. (2006) who 
stated that the impairment in renal function is almost 
always reversible because the proximal tubular cells have 
the capacity to regenerate. The apparent protective effect 

might be due to the ability of CoQ10 to neutralize the 
increase in free radicals caused by gentamicin.  

 The present results indicated that treatment with 
gentamicin alone resulted in atrophy in glomeruli, widening 
in Bowman’s capsule, tubular dilatation and desquamation 

of their lining cells, interstitial hemorrhage, tubular 
necrosis and congested blood vessels. Cellular infiltration 
and hyaline degeneration were also showed. These changes 
were most prominent in the proximal convoluted tubules. 
In gentamicin pre or post-treated with CoQ10 groups, the 
renal corpuscles and tubules appeared more or less like 
normal.  

Histological sections of renal cortex of gentamicin 
treated mice  showed tubular dilatation with desquamation 
of their cells and even complete loss of lining cells of some 
tubules. Similar findings were observed by Al-Majed  et al. 
(2002) who found that treatment with gentamicin (80 
mg/kg/day, intraperitoneally) for 8 days resulted in necrosis 
and desquamation of tubular epithelial cells in renal cortex 
as well as interstitial nephritis.  

In the present study, congested blood vessels with 
foci of interstitial hemorrhage were also shown in group 
that treated with gentamicin alone. These results are in 
accordance with Shaday et al. (2007) who found that rats 
that injected intraperitoneally with 100 mg/kg b.w. of 
gentamicin showed congested blood vessels and interstitial 
hemorrhage. This also agreed with Ysebaert et al., (2000) 
and Sekhon et al., (2003).  

Gentamicin only treated group also showed cellular 
degeneration and desquamation. These results are 
confirmed with Nasri et al. (2013) who reported that 
administration of gentamicin  (80 mg/kg) for 10 days 
caused degeneration of the renal cells and tubular damage. 
These changes could be referred to renal ischemia caused 
by the toxic effect of gentamicin on renal blood vessels as 
previously explained by Mazzon et al. (2001) who stated 
that toxic renal damage may cause tubular injury, leading to 
the generation of oxygen free radicals, which are 
considered as important modulators of renal blood flow. 
Servais et al. (2006) found that gentamicin enter proximal 
tubular cells by pinocytosis from the luminal pole and 
accumulate in lysosomes and causes apoptosis at clinically 
relevant doses. This agreed with Han et al. (2006) who 
stated that the neprotoxicity may be closely associated with 
activation of proapoptotic proteins.  

The tubular necrosis and degenerative changes seen 
in the present work conform with the findings of previous 
investigations (Dehghani et al., 2011). The results of the 
present work showed that the cortex of the kidney was 
more affected than the medulla as a result of long-term 
treatment with gentamicin. This might indicate that a 
relatively higher concentration of gentamicin reaches the 
cortex via the bloodstream than that entering the medulla. 
This is in agreement with the findings of Karahan et al. 
(2005) who stated that most of the gentamicin accumulates 
in the renal cortex.  
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The current study also observed that treatment with 
gentamicin alone resulted in cellular infiltrations 
considered, as a prominent response of the body tissue 
facing any injurious impacts. These modifications could be 
due to the accumulation of free radicals resulting from an 
increased lipid peroxidation in the renal tissues of the 
gentamicin-treated group. Similar changes were also 
reported by Kumar et al. (2000) and Stojiljkovic et al. 
(2009) who demonstrated structural changes in renal tissue 
of gentamicin-treated animals and its reversal by various 
agents.  

In  the present study, gentamicin groups that pre or 
post-treated with CoQ10, in general, had less histological 
abnormalities and greater renal function than the mice 
given the same dose of gentamicin but without CoQ10, 
suggesting that CoQ10 does not adversely affect the 
kidney. These findings are supported by El-Sheikh et al. 
(2012) and Persson et al. (2012). Also, Pedraza-Chaverri et 
al. (2003) and Mehri et al. (2005) reported that the addition 
of antioxidants with aminoglycosides therapy attenuates the 
renal damage and protects the kidney from the oxidative 
degenerative changes. On the other hand, Sutken et al. 
(2007) demonstrated that CoQ10 has no protective effect 
against nephrotoxicity that induced by ochratoxin in kidney 
tissue.  In conclusion, the present study suggests that 
CoQ10 has a renal protective potential. The 
nephroprotective effect of CoQ10 against gentamicin-
induced renal toxicity may be ascribed to its anti-oxidant, 
anti-apoptosis and anti-inflammatory properties. 
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