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Abstract 

Background: Several studies concerned the role of free radicals in gentamicin-induced kidney injury, where reactive oxygen species 
(ROS) directly damage lipids, proteins, and DNA, which are the basic structures of cell components, including membrane lipid 
peroxidation during oxidative stress. Objectives: The study aimed to investigate the potential protective effects of L‐carnitine against 
gentamicin-induced nephrotoxicity in rats. Materials and Methods: Twenty-four male rats (Rattus norvegicus) were classified into four 
groups: Group-1: the animals received a single daily dose of normal saline solution (N.S.) for 2 weeks and served as the control; Group-
2: Animals in this group were injected intra-peritoneally with a daily dose of gentamicin (60 mg/kg) for 2 weeks to induce renal injury. 
Group-3: Animals in this group received a daily dose of L-carnitine (60 mg/kg) via intra-peritoneal injection for 2 weeks. Group-4: 
Animals in this group were co-administered with a daily dose of gentamicin (60 mg/kg) via intra-peritoneal injection and L-carnitine 
daily dose intra-peritoneal injection (60 mg/ kg) for 2 weeks. Results: Gentamicin (60 mg/kg) for 2 weeks revealed a significant increase 
in the serum levels of urea and creatinine in comparison to the control group. Also, the induction group showed a significant decrease 
in the serum levels of glutathione (GSH) and superoxide dismutase compared to the control group. While the level of kidney injury 
molecule-1 (KIM) was decreased in the gentamycin group in comparison with the control group, and the L-carnitine group showed a 
significant improvement in the levels of urea, creatinine, and GSH compared to the gentamycin group. In addition, the level of KIM 
was significantly reduced in the L-carnitine–treated group in comparison with the induction group. Furthermore, the L-carnitine 
showed amelioration in histopathological changes of renal tissues in comparison to the gentamycin-treated group. Conclusion: The 
results of this study indicate that L-carnitine has a protective effect against gentamicin-induced renal injury, which is nephrotoxicity 
caused by gentamicin. 
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IntroductIon
The nephrons are the basic functional units of the 
kidneys, which are composed of the vascular elements, the 
glomerulus, and the tubular elements, which contribute to 
their primary role.

First, the regulation of homeostatic equilibrium of body 
fluids is done via filtering and secretion of metabolites 
such as urea and minerals from the blood and excretion 
of wastes as urine.[1] Second, the kidneys also play 
significant roles in the regulation of blood pressure and 

carbohydrate metabolism because they control the plasma 
concentrations of O2, Na+, K+, and H+ ions and other 
compounds like amino acids, creatinine, bicarbonate, and 
glucose.[2]
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Finally, the kidneys are the major site for the synthesis 
and release of hormones such as renin, erythropoietin, 
1,25-dihydroxy vitamin D3; vasoactive prostaglandins 
(PGF-2; PGE-1) and kinins influence systemic metabolic 
functions.[3]

All parts of the nephron are potentially exposed 
to the harmful effects of toxicants.However, most 
toxicants favorably disturb specific parts of the kidney; 
nephrotoxicity caused by most drugs has been induced 
by different pathogenic mechanisms, including altered 
intra-glomerular hemodynamics, tubular cell toxicity 
and tubular obstruction, inhibition of oxidative 
phosphorylation, disturbance of Ca2+ homeostasis, and 
thrombotic micro-angiopathy.[4,5]

The standard procedures for evaluating the renal function 
involve the measurement of the serum level of urea and 
serum level of creatinine; these parameters are considered 
nonspecific and insensitive, especially in the assessment 
of acute renal injury. It is essential to distinguish that 
alterations in the serum levels of BUN and creatinine 
concentrations predominantly imitate functional 
variations in the renal filtration capacity and are not 
considered accurate injury biomarkers. Thus, biomarkers 
such as kidney injury molecule-1 (KIM-1 have been 
discovered to play an important role in the diagnosis of 
early acute kidney injury (AKI) .[6,7] Additionally, other 
biomarkers are recently considered in the evaluation and 
diagnosis of AKI like neutrophil gelatinase-associated 
lipocalin, interleukin-18 (IL-18), and tissue inhibitor of 
metalloproteinase 2.[8,9]

KIM-1 once detected is considered a sensitive and 
specific urinary biomarker of  kidney injury in the 
pathophysiology of  kidney injury,[10] which has been 
revealed in most preclinical studies to be more subtle 
than BUN and creatinine as a biomarker for injury. In 
fact, the Food and Drug Administration now consider 
KIM-1 in the assessment of  kidney injury as part of 
their particular drug evaluation processes for newly 
discovered drugs.[11]

Gentamicin is an aminoglycoside antibiotic clinically used 
in the treatment of Gram-negative bacterial infections 
alone or in cooperation with beta-lactam antibiotics. 
Gentamicin-induced nephrotoxicity via destruction 
of cellular constituents, lysosomal swelling,and 
mitochondrial damage that cause tissue necrosis lead 
to functional alterations obvious by proteinuria and 
increased serum levels of urea and creatinine, which lead 
to acute kidney damage.[12]

Gentamicin produces nephrotoxicityin the kidney 
cortex, mainly in proximal tubules by accumulation in 
lysosomes.[13] There are other pathways through which 
gentamicin induces nephrotoxicity, which involves 
reduction of renal blood flow, oxidative stress via lipid 

peroxidation, generation of nitric oxide (NO), the nuclear 
factor-B pathway, inflammation, and apoptosis.[14]

Several studies focused on the role of  free radicals in 
gentamicin-induced kidney injury, where reactive oxygen 
species (ROS) directly damage lipids, proteins, and DNA, 
which are the basic structures of  cell components, and 
also membrane lipid peroxidation during oxidative 
stress.[15]

It is shown that gentamicin causes simultaneous mesangial 
proliferation and apoptosis in rats kidneys via production 
of ROS by renal cortical mitochondria.[16] ROS abolish 
the glomerular basement membrane, interrupt with renal 
tubular function, and destroy the collagen and other 
matrix proteins.[17] Finally, gentamicin reduces the activity 
of reno-protective enzymes such as superoxide dismutase 
(SOD), catalase, glutathione (GSH) peroxidase, and 
reduced GSH.[18]

L-carnitine is an L-lysine derivative, an endogenous 
compound; its main physiological function in the body 
is enabling or transportation of  fatty acids into the 
mitochondria to enter the B-oxidation cycle.[19] The 
protective effects of  L-carnitine on various tissues have 
been proved in various models involving cisplatin-
induced oxidative stress in the kidney and small intestine 
and gentamicin-induced ischemic–reperfusion kidney 
injury.[19]

L-carnitine facilitates the transfer of long-chain fatty acids 
into the mitochondria of the other tissues, where they 
enter B-oxidation.[20] Through this mechanism, L-carnitine 
greatly effects fatty acid oxidation in these tissues and 
maintains low pools of fatty acid (acyl)-coenzyme 
A compounds, which are potentially toxic.[21] Other 
mechanisms of L-carnitine may involve stabilization of 
erythrocyte cellular membranes;[22] increased production 
of ATP tissues, probably by oxidation of fatty acid;[23] 
and finally, inhibition of production of free radical like 
ROS.[24]

This study was designed to detect the probable protective 
effects of Lcarnitine against gentamicin-induced 
nephrotoxicity in rats.

MaterIals and Methods

Experimental animals
Twenty-four male rats (Rattus norvegicus) obtained from 
Faculty of Pharmacy, University of Kerbala, were used in 
the present study. Their weight range was between 100 gm. 
Rats were provided with water. The animals were housed 
in plastic cages in the College of Pharmacy/University 
of Kerbala under suitable environment conditions at 
temperature 23 ± 2°C. Rat chow and water were offered 
daily, and they were kept for 2 weeks before the beginning 
of the experiment for acclimation.
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Experimental design
Twenty-four male rats weighing 250–300 g were divided 
into four groups involving six animals in each group as 
follows:

Group-1: Rats received a single daily dose of normal 
saline solution (NS) via intra-peritoneal injection (IP) for 
2 weeks and considered the control group.

Group-2: Rats in this group received an intra-peritoneal 
daily dose of gentamicin (60mg/kg) for 2 weeks to induce 
renal injury.

Group-3: Rats in this group received L-carnitine daily 
dose (60 mg/kg) as an intra-peritoneal (IP) injection for 
2 weeks.

Group-4: Rats in this group were co-administrated with a 
daily dose of gentamicin (60 mg/kg) as an intra-peritoneal 
injection and L-carnitine daily dose intra-peritoneal 
injection (60 mg/ kg) for 2 weeks.

Drugs used in the experiment
Gentamicin ampoule (80 mg/2 mL-Megental) was given 
to the rats in a dose of 60 mg/kg as an intra-peritoneal 
daily dose for 2 weeks.

L-carnitine ampule (1gm/5 mL – lecithin) was given to the 
rats in a dose of 60 mg/kg as an intra-peritoneal daily dose 
for 2 weeks.

Biochemical assay
After 2 weeks of treatment in the morning of day 15, after 
the animals were anesthetized with chloroform, the blood 
was obtained directly from the heart of each animal, 
and then the rats were killed, the collected blood was 
put in a plan gel tube and left to stand for 30 min. After 
centrifugation of the blood sample at 3000 ×g for 10 min, 
the serum was obtained and then estimation of urea by 
ELISA assay was performed according to the instructions 
in the kit of Biomerieux company,[17] and also estimation 
of creatinine by ELISA assay following the procedure 
provided by the Syrbio company.[18]

Histological examinations
Both kidneys were removed from each rat at the end of the 
experiment and are reserved in 10% formalin solution and 
then embedded in paraffin and prepared as 5-mm-thick 
sections stained with hematoxylin and eosin (H and E); 
here, now the histopathological assessment was focused 
on morphological changes in the renal tissue caused by 
gentamicin, which mainly involved the proximal tubules in 
which other renal structures do not show major histological 
alterations.[25]

Statistical analysis
The data of this study are expressed as mean ± standard 
error of mean. Statistical analysis had been done by 
using independent t test. Significant difference was set at 
P < 0.05.

results

1. Effects of L-carnitine 60 mg/kg/day for 2-week treatment 
on the serum levels of urea and creatinine against 
gentamicin (60 mg/kg/day)-induced nephrotoxicity in 
rats:

Data of all groups are expressed as (Mean±SE) as shown 
in Table 1, In group-II, rats received an IP daily dose 
of gentamicin (60 mg/kg) for 2 weeks, which revealed a 
significant increase in the serum levels of urea and creatinine 
([59.01 ± 2.59], [3.15 ± 0.46]), respectively, compared to the 
control group (urea= 18 ± 0.89); (creatinine=0.16 ± 0.04) 
(P < 0.05), [Figures 1 and 2].

In group-III, treatment of rats with an IP daily dose of 
L-carnitine (60 mg/kg) for 2 weeks showed a significant 
reduction in the serum levels of urea and creatinine 
([24.5 ± 1.43], [0.33 ± 0.94]), respectively, compared to 
that observed in group-II (P < 0.05); however, the results 
revealed a nonsignificant difference compared to the 
control group (P > 0.05), [Figures 1 and 2].While rats 
treated with an IP daily dose of L-carnitine injection 
(60 mg/kg) for 2 weeks prior to and during IP gentamicin 
administration (60 mg/kg) in group-IV created a significant 

Table 1: Effects of L-carnitine treatment on the serum levels of (urea, creatinine, GSH, SOD, and KIM-1) in rats compared 
to control and gentamicin-treated groups (values with non-identical characters (a,c) are considered significantly different 
(P < 0.05)

Groups (N = 6/group) Group-I Group-II Group-III Group-IV
Mean urea level mg/dl 18 ± 0.89 59.01 ± 2.59 A 24.5 ± 1.43 NS, b 38.33 ± 2.81 NS, b

Mean creatinine level mg/dl 0.16 ± 0.04 3.15 ± 0.46 A 0.33 ± 0.94 NS, b 1.36 ± 0.48 NS, b

Mean GSH level mg/dl 7.07 ± 0.27 4.92 ± 0.31 A 10.62 ± 0.47 NS, b 9.96 ± 0.50 NS, b

Mean SOD level mg/dl 23.32 ± 1.38 20.98 ± 0.81 A 42.50 ± 1.06 NS, b 38.62 ± 1.68 NS, b

Mean KIM-1 level mg/dl 102.61 ± 1.70 353.57 ± 26.8 A 111.55 ± 1.33 NS, b 169.24 ± 7.77 NS, b
Data are presented as mean ± SEM, N = number of animals per group, Group-I: control group, Group-II: gentamicin (60 mg/kg/day), Group-III: 
L-carnitine (60 mg/kg/day), Group-IV: L-carnitine (60 mg/kg/day) + gentamicin (60mg/kg/day), a:P < 0.05 significant in compared to the control 
group, b: Significant to gentamicin (60 mg/kg/day), NS: Non-significant to the control group
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reduction in the serum levels of urea and creatinine 
([38.33 ± 2.81], [1.36 ± 0.48]), respectively, compared 
to that observed in group-II (P < 0.05), but showed a 
nonsignificant difference compared to the control group 
(P > 0.05) [Figures 1 and 2].

2. Effects of L-carnitine 60 mg/kg/day for 2-week treatment 
on the serum levels of GSH and SOD against gentamicin 
(60 mg/kg/day)-induced nephrotoxicity in rats:

In Group-II, rats receiving an IP daily dose of gentamicin 
(60 mg/kg) for 2 weeks revealed a significant decrease 
in the serum levels of GSH and SOD ([4.92 ± 0.31], 
[20.98 ± 0.81]), respectively, compared to the control group 

(GSH=7.07 ± 0.27), (SOD=23.32 ± 1.38) (P < 0.05); 
[Figures 3 and 4]. In group-III, treatment of rats with an 
IP daily dose of L-carnitine (60 mg/kg) for 2 weeks created 
a significant increase in the serum levels of GSH and SOD 
([10.62 ± 0.47], [42.50 ± 1.06]), respectively, compared 
to that observed in Group-II (P < 0.05); however, the 
results revealed a nonsignificant difference compared 
to the control group (P > 0.05) [Figures 3 and 4].  
While rats treated with an IP daily dose of L-carnitine 
injection (60 mg/kg) for 2 weeks prior to and during IP 
gentamicin administration (60 mg/kg) in group-IV created 
a significant increase in the serum levels of GSH and 
SOD [(9.96 ± 0.5), (38.62 ± 1.68)], respectively, compared 
to that observed in group-II (P < 0.05), but showed a 
non-significant difference compared to the control group 
(P > 0.05) [Figures 3 and 4].

Effects of L-carnitine 60 mg/kg/day for 2-week treatment 
on the serum levels of kidney injury molecule-1 (KIM-1) 
against gentamicin (60 mg/kg/day)-induced nephrotoxicity 
in rats:
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Figure 1: Effects of L-carnitine treatment on the serum level of urea 
in rats compared to control and gentamicin-treated groups values 
with non-identical superscripts (a and b) are considered significantly 
different (P < 0.05)
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Figure 2: Effects of L-carnitine treatment on the serum level of creatinine 
in rats compared to control and gentamicin-treated groups values with 
non-identical superscripts (a and b) are considered significantly different 
(P < 0.05)
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Figure 3: Effects of L-carnitine treatment on the serum level of GSH in 
rats compared to control and gentamicin-treated group values with non-
identical superscripts (a and b) are considered significantly different 
(P < 0.05)
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Figure 4: Effects of L-carnitine treatment on the serum level of SOD 
in rats compared to control and gentamicin treated groups values 
with non-identical superscripts (a and b) are considered significantly 
different (P < 0.05)
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Figure 5: Effects of L-carnitine treatment on the serum level of KIM-1 
in rats compared to control and gentamicin-treated groups values 
with non-identical superscripts (a and b) are considered significantly 
different (P < 0.05).

Figure 6: Kidney of the negative control group shows normal glomeruli 
(black arrowhead) normal renal tubules (white arrow head) H and E 
125×
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In group-II, rats that received an IP daily dose of gentamicin 
(60 mg/kg) for 2 weeks showed a significant increase in the 
serum levels of (KIM-1 = 353.57 ± 26.8) compared to the 
control group (KIM-1 = 102.61 ± 1.7) (P < 0.05) [Figure 5].  
In group-III, treatment of rats with an IP daily dose of 
L-carnitine (60mg/kg) for 2 weeks created a significant 
reduction in the serum levels of (KIM-1 = 111.55 ± 1.33) 
compared to that observed in group-II (P < 0.05); however, 
the results showed a nonsignificant difference compared to 
the control group (P > 0.05) [Figure 5]. Rats treated with 
an IP daily dose of L-carnitine injection (60 mg/kg) for 2 
weeks prior to and during IP gentamicin administration 
(60 mg/kg) in Group-IV revealed a significant decrease in 
the serum levels of (KIM-1 = 169.24 ± 7.77) compared 
to that observed in Group-II (P < 0.05), but showed a 
nonsignificant difference compared to the control group 
(P > 0.05) [Figure 5].

results of hIstopathologIcal exaMInatIon of the 
KIdney
Histopathological evaluation revealed in group-II that rats 
treated with gentamicin for 14 days showed glomerular 
congestion, interstitial hemorrhage, and inflammation 
compared to the control group, which exhibited normal 
glomeruli with normal renal tubules [Figures 6 and 7]. In 
Group-III, treatment of rats with L-carnitine for 14 days 
revealed that both glomeruli and renal tubules are normal 
compared to what was observed in group II [Figure 8], 
whereas rats treated with L-carnitine (60 mg/kg/day) 
injection intra-peritoneally for 14 days prior to and during 
intraperitoneal administration of gentamicin (60 mg/kg/
day) in group-IV displayed a normal glomerulus with 
normal renal tubules compared to that observed in group 
II [Figure 9].

dIscussIon
Primary diagnosis of AKI plays an important role in its 
treatment and prognosis. AKI commonly distinguished by 
elevated serum levels of urea, creatinine, or reduced urine 
output. So there is a critical need to find a more effective 
diagnostic measurement for AKI; new biomarkers are 
considered to have a potential role in the diagnosis of 
AKI, one of which is the serum KIM-1.

Gentamicin induced renal damage in rats at a daily 
dose of 60 mg/kg, causing a mild form of renal toxicity, 
whereas a high dose was employed in a previous study 

Figure 8: Kidney of the L-carnitine–treated group shows normal 
glomeruli (black arrowhead) and normal renal tubules (white arrowhead) 
H and E 125×

Figure 9: Kidney of gentamicin with the L-carnitine treated group shows 
a normal glomerulus (black arrowhead) normal renal tubules (white 
arrowhead) H and E 500×

Figure 7: Kidney of the gentamicin-treated group exhibits glomerular congestion (black arrowhead), interstitial hemorrhage (white arrowhead), and 
inflammation (blue arrow head) H and E (A and C) 125 × (B) 500×
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to produce severe renal damage; the induction period of 
2 weeks has been shown to induce acute kidney damage 
with sufficiency.[26]

The L-carnitine daily dose of 60 mg/kg was selected to 
observe whether this dose could protect against gentamicin-
induced nephrotoxicity; also, L-carnitine injections were 
initiated 4 days prior to initiation of gentamicin in order to 
offer some assurance that if  L-carnitine was not revealed 
to have protective effects, it could not be attributed to 
insufficient levels of time when gentamicin induced renal 
damage without adequate levels of L-carnitine.[27]

In the present study, in group II, the injections of a daily 
dose of gentamicin 60 mg/kg IP induced renal injury, 
showing a significant increase in the serum levels of BUN, 
Cr, and KIM-1 and significant reduction in serum levels of 
GSH and SOD at day 14. So the basic explanation for these 
results is that they are caused by reduction of the glomerular 
filtration rate (GFR), which is a decrease in the renal 
capacity to filter creatinine and waste products.[28,29] Other 
explanations for these results are renal tubular damage, 
compromised reabsorptive capability of tubular protein, or 
impaired protein filtration through the glomerular barriers 
due to high levels of urea and uric acid.[30]

Gentamicin induces oxidative stress via ROS, which 
contributed in nephrotoxicity. ROS play a role through 
different mechanisms leading to reduced GFR, which 
ended with tubular necrosis;[31] interaction of excessively 
produced ROS such as superoxide anions, hydrogen 
peroxide (H2O2), hydroxyl radicals (OH.), and reactive 
nitrogen species with other components like lipids results 
from peroxidation of unsaturated fatty acids in the cell 
membrane and denaturation of proteins resulting in cell 
and tissue damage.[32]

Research suggests that other mechanisms of gentamicin-
induced nephrotoxicity involve the reaction of 
gentamicin with the structural functional unit of 
biological membranes.[33] That is, gentamicin reacts 
and binds to anionic phospholipids that alter the 
physical properties and functions of cell membranes via 
diminishing the permeability of the glycerol moiety of 
phosphatidylinositol,[34] reducing membrane flexibility 
and promoting membrane aggregation.[35]

Other studies revealed that gentamicin induced renal 
tissue injury via exhaustion of renal GSH, which caused 
lipid peroxidation; this assessment is maintained by a 
reduction in GSH levels and kidney antioxidant enzymes 
like SOD in the renal tissues.[36,37]

KIM-1 plays an essential role in kidney injury and the 
associated recovery processes.[38] Studies have suggested 
that KIM-1 is considered a sensitive and specific marker 
of acute kidney damage.[39] It is expressed at high levels 
in the kidney tissues, which is dramatically up-regulated 
when the renal tissues undergo ischemic injury.[40]

Also, in group-III & group-IV, the rats received a daily 
dose of L-carnitine (60 mg/kg); at the end of 2 weeks, the 
result revealed a low level in serum concentrations of urea 
and creatinine and KIM-1 and a higher level in serum 
concentrations of GSH and SOD. The mechanisms of 
action by which L-carnitine may ameliorate gentamicin-
induced nephrotoxicity in rats are unclear, but the 
protecting effect of L-carnitine on renal tissue was proven 
to possibly be related to improvement in oxidative stress 
via regulation of NO and cellular respiration.[41] In the 
present study, L-carnitine had a protective effect on 
the activity of enzymes involved in the defense against 
oxidative damage; also, the antioxidant and free radical 
scavenger roles of L-carnitine shown via changes in serum 
GSH level and serum SOD level caused by ROS were 
significantly alleviated by pretreatment of L-carnitine, 
and these results are correlated with those of the previous 
study that showed evidence that L-carnitine not only has 
an antioxidant effect but is also a free radical scavenger.[42-44]

These events are related with other studies that also 
reported that L-carnitine has a distinct protective effect 
against renal ischemic–reperfusion injury.[44] Moreover, it 
is referred from a previous study that L-carnitine reduces 
oxidative stress in the rat renal tissues via reduction of lipid 
peroxidation and decreased intracellular ATP levels.[45-47]

Finally, the histological data in group-2 indicate that most 
rats receiving gentamicin showed glomerular congestion, 
interstitial hemorrhage, and inflammation in comparison 
with that observed in the control (group-1). However, 
histopathological data in [Figure 3] showed normal glomeruli 
with normal renal tubules, which refer to the protective role 
of L-carnitine against gentamicin-induced renal damage. 
Similarly, in group-4 that involved rats receiving a daily dose 
of gentamicin 60 mg/kg in combination with a daily dose 
of L-carnitine 60 mg/kg, the histopathological findings in 
[Figure 4] also showed normal glomeruli with normal renal 
tubules in comparison with the gentamicin induction group.

conclusIon
The results of this study indicate that L-carnitine has a 
protective effect against gentamicin-induced renal injury, 
which is nephrotoxicity caused by gentamicin.
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