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EFFECTS OF SUPPLEMENTATION WITH VITAMIN E
ON GENTAMYCIN-INDUCED ACUTE RENAL FAILURE IN RATS
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Abstract. A frequent administration of gentamicin in clinical practice has shown its bactericidal activity, and besides
being vestibulotoxic it is highly nephrotoxic, which can further result in acute renal insufficiency. The study analyzed
24 Wistar rats, divided into three equal groups. GM group received gentamicin (100 mg/kg), GME group received
vitamin E (100 mg/kg) and the same dose of gentamicin as GM rats, while the third group served as the control group
and received saline (1 ml/24h) for 8 days. Pathohistological examination of the kidney tissues from GM group rats
showed areas of coagulation-type necrosis in a large number of proximal tubules, while their glomeruli were
considerably enlarged compared both to control and GME group rats. In GME rats, changes in glomeruli were less
visible, while areas of coagulation-type necrosis were not found. Biochemical analysis showed significantly higher
values of blood urea and creatinine in GM group rats in comparison to C group and GME group (p<0.001). The
concentrations of potassium in blood serum was significantly lower in GM group compared to control group
(p<0.01), whereas the concentration of sodium was lower, however, without statistical significance. The
concentrations of AOPP for GM group were significantly higher when compared to C group (p<0.001), whereas the
values for GME group of rats were statistically significantly lower than AOPP recorded for GM group (p<0.001).
Our experimental study has shown that gentamicin-induced nephrotoxicity can be significantly reduced by

simultaneous administration of vitamin E.
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Introduction

A very frequent administration of the aminoglycoside
antibiotic gentamicin in the clinical practice has shown
its undoubted nephrotoxic effect[1]. Even in low
concentrations, gentamicin shows its bactericidal activity,
and besides being vestibulotoxic it is highly nephrotoxic,
which can further result in acute renal insufficiency
(ARI). Numerous experimental models have confirmed
the nephrotoxicity induced by gentamicin [2-5],
cyclosporine [6, 7], cisplatine [8], adriamicin [9], as well as
other toxic chemical substances such as glycerol [10, 11],
mercury chloride [12] and others. Nephrotoxicity induced
in these experimental models showed pathohistological,
ultrastructural and functional renal impairments in the
form of tubular desquamation and necrosis and elevated
blood urea and serum creatinine. The predilection sites
of damage are the renal cortex, i.e. glomeruli and proximal
tubules. In the recent years, there have been many studies
pointing to the significant role of reactive oxygen species
(ROS) in gentamicin-induced nephrotoxicity [13]. In their
research, Sha and Schacht [14] showed that aminoglycoside
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antibiotics can stimulate free radical formation. Therefore,
it can be claimed with great certainty that gentamicin
induces ooxidative stress. Kidney cells can produce free
radicals in glomerular mesangial and endothelial cells
and in tubular epithelial cells [15]. Epithelial cells of
proximal tubules are very sensitive to the effects of
oxygen free radicals as 50% of cells die after being
exposed to the effect of H,O, [16]. These free radicals
destroy the glomerular basement membrane, impair the
tubular function, degrade the collagen and other
components of matrix [17]. Because of potential
gentamicin nephrotoxicity, in the recent years there has
been much research on the administration of protective
substances which would prevent or reduce renal
alterations, and also prevent the onset and development
of renal insuffuciency. Vitamin E and N-acetyl cysteine
(NAC) are well known for their antioxidant activities.
Vitamin E protects unsaturated fatty acids from oxydation
via peroxide and other free radicals. Vitamin E and NAC
have shown their protective effects in gentamicin-induced
nephrotoxicity [18]. Some studies have demonstrated that
vitamin E and vitamin C reduce the lipid peroxidation and
increase the activities of antioxidant enzymes in diabetic rat
kidneys [19]. Vitamin E pretreatment suppresses oxidative
stess and glomerulosclerosis in experimental rats [20]. The
administration of single doses of vitamin E has possitive
effects on cisplatin-induced nephrotoxicity in rat
development [21].



62

The aim of the research was to show the protective
effects of vitamin E on gentamicin-induced acute renal
failure in rats.

Material and Methods

Twenty-four adult Wistar rats, weighing 250-300 g, were
used in the present study. The animals were housed at the
Institute for Biomedical Research, Faculty of Medicine in
Nis. The animals were kept in polycarbonate cages under
controlled conditions with the twelve-hour day/night
cycle, at the temperature of 20 ° C + 2 ° C, and the “ad
libitum” access to food (“VETFARM”-Beograd) and
drinking water. All experimental procedures were
approved by Ethical Committee of Medical Faculty in
Nis. It was documented under number 01-2625-7.

Experimental protocol

Experimental animals were randomly divided into three
equal groups of 8 animals each, one of which was used
as a control group. The experimental group of animals
or GM group was treated with gentamicin (Galenika
AD, Belgrade, Serbia) intraperitoneally in a dose of 100
mg /kg body weight (BW)/24h. The experimental group
of animals treated with gentamicin and vitamin E or
GME group received oily solution of vitamin E
(Pharmamagist, Hungary) intraperitoneally in a dose of
100 mg/kg BW/24h and the application of the same
dose of gentamicin as in the first group of rats. The
control group of animals received physiological saline
solution 1 ml/day intraperitoneally. All groups were treated
over a period of 8 consecutive days. Following the last
application, that is 9 days after the beginning of the
experiment, all animals were anaesthetized using ketamine
at a dose of 80 mg/kg (10% Ketamidor, Richter pharma
AG, Wien, Austria). Blood samples were taken from the
aorta (2ml), and the kidneys were subsequently removed.

Histological analysis

The kidneys were dissected out, washed and fixed in
10% paraformaldehyde (in 0.1M phosphate buffer
saline), dehydrated in ascending graded series of alcohol
and processed for paraffin embedding. Kidney tissue
species were cut at a thickness of 5um using a HistoRange
microtome (model: LKB 2218, LKB-Produkter AB,
Bromma, Sweden) and stained with hematoxylin—eosin
(HE) for the study of morphological changes in the
kidney and PAS (Periodic Acid Schiff) for verifying the
content of glycogen, according to conventional staining
protocols. For histopathological examination of kidney
tissue the microscope (LEICA DM 2000 LED) and
digital camera (LEICA DFC 450) were used.

Biochemical analysis

Blood samples were analyzed for markers of kidney
function impairment. Urea, creatinine, sodium and
potassium concentrations in serum were measured in the
laboratory of the Department of Nephrology and Dialysis
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Clinical Center Ni§ using an automatic biochemical
analyzer (A25 Biosystems, Barcelona, Spain).

Determination of protein oxidation

To determine the concentration of advanced oxidation
protein products (AOPP) as a marker of oxidative
modified proteins, kidney tissue was minced and
homogenized in ice-water with homogenizer (IKA
Works de Brasil Ltda Taquara, RJ 22, 713-00). Proteins
were measured according to Lowry’s method [22] using
bovine serum as standard. The concentration of AOPP
in the renal homogenates was determined by
spectrophotometric method by Witko-Sarsat [23]. This
method is based on the reaction of AOPP with potassium
iodide in an acidic medium. The color intensity was
recorded immediately at 340 nm. The concentrations
were expressed in pumol/mg protein.

Statistical analysis

Statistical analysis of the data obtained by biochemical
blood analysis were expressed as mean values and standard
deviations, and statistical significance was determined by
one-way analysis of variance (ANOVA) followed by
Tukey’s post hoc test for multiple comparison (Graphpad
Prism 5.03, San Diego, CA, USA).

Results
Histological analysis

In the GM group of rats, a large number of proximal
tubules, especially initial convoluting portions, showed
coagulation-type necrosis and apoptosis with cytoplasm
vacuolation, desquamation and inflammatory cell
infiltration in cells still containing nuclei. Glomeruli in
this group were enlarged and paler (Fig. 1) than in the
control group of animals (Figs. 2 and 3). In experimental
group treated with gentamicin some of glomerular
capillaries were infiltrated with neutrophil leukocytes
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Fig. 1. Histopathological tissue features of renal glomeruli

and tubules of gentamicin-treated (GM) group of
rats. HE, x 200.
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(Fig. 4). The distal tubules were of normal appearance.
In the GME group, glomeruli were somewhat enlarged
and hyaline cylinders in some proximal tubules were
present; the areas of coagulation-type necrosis were not
found (Figs. 5 and 6).
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Fig. 2. Histopathological tissue features of renal glomeruli
and tubules of control group of rats. HE, x 200.
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Fig. 4. Histopathological tissue features of renal glomeruli

and tubules of gentamicin-treated (GM) group of
rats. PAS, x 400.
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and tubules of gentamicin plus vitamin E-treated
(GME) group of rats. HE, x 200.
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Fig. 6. Histopathological tissue features of renal glomeruli
and tubules of gentamicin plus vitamin E-treated
(GME) group of rats. PAS, x 400.

Biochemical analysis

Analysis of biochemical parameters showed a significant
increase of urea and creatinine serum concentrations in
the GM group compared to the C group (p<0.001). The
concentration of potassium in the blood was significantly
decreased in the GM group than concentration in the
control group (p<0.01), while the concentration of
sodium was lower, but not with statistical significance in
comparison to the C group. In the GME group, creatinine
and urea concentrations were significantly elevated
compared to the control group (p<0.01), but also these
values were significantly decreased compared to the GM
group (p<0.001). The concentrations of potassium and
sodium in the GME-group were not significantly
different compared to the other groups (Table 1).

Determination of protein oxidation

Analysis of oxidative stress marker AOPP showed
significantly elevated renal AOPP in the GM group than
in control group of rats (p<0.001). Simultaneous
administration of vitamin E with gentamicin reduced
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oxidative stress, as evidenced by significantly decreased
level of renal AOPP than those in the GM group
(p<0.001).

Table 1. Biochemical analysis of serum levels of
creatinine, urea and electrolytes in the control
and experimental groups of rats

Serum C-group GM-group GME-group
concentration

Creatinine 57.03+10.89 3805 +29.47° 914 +9.987
(umol/L)

Urea 6.57 + 0577 30.27 = 6.096" 12.73 +1.875*
(mmol/L)

Potassium  5.513+0.5668 4.588+0.4486™ 4.988+ 0.4549
(mmol/L)

Sodium 1431+ 2.031 1416 + 2.2 1436 + 1.302
(mmol/L)

#p<0.001 vs. C-group, * p<0.01 vs. C-group, ~ p<0.001 vs. GM-group
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Fig. 7. Renal AOPP values in the control and experimental

groups of rats.
# p<0.001 vs. C-group, * p<0.001 vs. GM-group

Discussion

Due to its strong bactericidal activity, gentamicin is a
widely used antibiotic in the management of infections
caused by gram-negative microorganisms. However,
literature data point to its nephrotoxic effect which has
been demonstrated in a large number of experimental
studies in which gentamicin acute renal insifficiency
was induced [24, 25].

Proximal tubule cells are severely damaged in patients
treated with gentamicin or amicacin [26]. Gentamicin
binds the cell wall phospholipids, blocking thus the chain
reaction of phosphatidylinositol, which impairs the cell
integrity [27]. The mechanism of gentamicin nephrotoxicity
is complex and has not been elucidated yet. Having been
administered, gentamicin reaches the renal cortex, binds
the proximal tubule apical membrane, and then, by means
of pinocytosis, reaches the epithelial cells of proximal
tubules where it interacts with cell organelles, specifically
with lysosomes and mitochondria. This further causes
lysosomal destabilization, release of lysosomal enzymes
and cell damage.

Pathohistological changes, confirmed by light
microscopy, in our experimental group of rats treated
with gentamicin (GM group) included the enlargement
of glomeruli as well as the presence of neutrophil
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leukocytes in certain glomerular capillaries. The changes
in the proximal tubules were dominant and manifested
in the form of coagulation-type necrosis, cytoplasm
vacuolization of tubular epithelial cells with preserved
nuclei. The structural changes in the distal tubules were
not found. These changes are mostly in keeping with the
changes already described by other authors [28, 29]. In
the mentioned group of animals (GM group), the
biochemical analyses showed the most significant
elevation of urea and creatinine levels in the serum as a
sign of alterations of kidney, whereas the values of
sodium did not statistically differ in all three groups of
animals. The values of serum potassium in GM group
were statistically significantly reduced in relation to the
group of animals treated with gentamicin and vitamin E,
as well as the control group. This is quite common
having in mind that morphological change in the
proximal tubules reduce potassium reabsorption, and
consequently increases the urinary excretion of this
electrolyte. Matsuda et al. [30] showed that the electrolyte
composition of the renal tubular cells in gentamicin
nephrotoxicity was different in relation to the necrotic
and non-necrotic tubular cells of the proximal tubules.
They demonstrated that histological impairment was
present only in the proximal tubules, and that the
concentrations of sodium and potassium in the necrotic
tubular cells were somewhat lower than in the controls,
whereas the concentrations of sodium in the non-
necrotic cells of proximal tubules were slightly higher in
relation to the control group of animals. This indicates
that potassium serum levels correlate with the
histopathological findings in the proximal tubule cells
where gentamicin expresses its main nephrotoxic effect,
which is in keeping with our results. The presence of
neutrophils in the glomerular capillaries indicates that
the administration of gentamicin impaired the renal
microcirculation and glomerular hemodynamics. If the
changes in the kidneys and glomeruli are primarily due
to changed microcirculation and hemodynamics in the
capillaries, the removal of these would annul gentamicin
effects in renal nephrotoxicity. On the other hand,
gentamicin induces oxidative stress, and achieves direct
effects by means of ROS which show particular affinity
for the endothelial cells of blood vessels. This induces
the loss of the architectonics of the endothelial cells’
cytoskeleton and organelles, impairs the cell membrane
transport mechanism as well as the activity of intracellular
enzyme systems. It has been proved that aminoglycoside
antibiotics have harmful effects to the kidneys as they
produce ROS [14]. At increased concentrations the
antioxidant vitamins inhibit pathological states.

Vitamin E is the main endogenous antioxidant which
reacting with oxygen radical prevents the chain reaction
of free radicals, protecting thus the membrane. However,
the endogenous antioxidants reserves, such as vitamin
E, gradually decrease in reactions with free radicals
[31]. In our experimental group of animals treated with
gentamicin and vitamin E, histological and histochemical
analyses of glomeruli and proximal tubules demonstrated
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slightly increased glomeruli, whereas the changes on the
proximal tubule epithelial cells were expressed in the
form of vacuolization without any signs of necrosis. In
GME group, the values of creatinine and urea were
statistically significantly different in relation to the
control group (p<0.01) and GM group (p<0.001) as well.
The sodium and potassium serum concentrations in GM
group were not statistically significantly different
compared to the control group of animals. Similar to our
results, the combination of vitamin E and probucol has
proved to be efficient for the improvement of the renal
function parameters and level of antioxidant enzymes in
gentamicin-induced toxicity [32]. In other studies, a
synergy between vitamin E and selenium in diminishing
renal impairment has been found [3, 25]. Some studies
have shown that vitamins C and E in combination
provide more efficient antioxidant properties and better
effects in gentamicin-induced nephrotoxicity [31]. The
results of our study are in keeping with hypotheses that
oxidative stress is one of the causes of gentamicin-
induced renal impairment. The levels of AOPPs in the
kidney homogenate of gentamicin-treated rats were
significantly higher when compared with the levels of
this marker in control group of animals. Witko-Sarsat et
al. [23] have shown that in vivo AOPPs levels correlate
with creatinine clearance, indicating that AOPPs are an

References

1. Niemczyk S, Ludwicka A, Groniowski M, Lewandowski Z, Hasse
Z. Nephrotoxicity of aminoglycosides. I: Preventive intraperitoneal
calcium administration. Pol Arch Med Wewn 1991; 85:1-11.

2. Stojilikovic N, Mihailovic D, Veljkovic S, Stoiljkovic M, Jovanovic
I. Glomerular basement membrane alterations induced by
gentamicin administration in rats. Exp Toxicol Pathol 2008;
60:69-75.

3. Ademuyiwa O, Ngaha EO, Ubah FO. Vitamin E and selenium in
gentamicin nephrotoxicity. Hum Exp Toxicol 1990; 9:281-288.

4. Kavutcu A, Canbolat O, Ozturk S, et al. Reduced enzymatic
antioxidant defence mechanism in kidney tissuses from gentamicin
treated guinea pigs: Effects of vitamin E and C. Nephron 1996;
72:269-274.

5. Ramsammy LS, Josepovitz C, Ling KY, Lane B, Kaloyanides GJ.
Failure of inhibition of lipid peroxidation by vitamin E to protect
against gentamicin nephrotoxicity in the rat. Biochem Pharmacol
1987; 36:2125-2132.

6. Parra T, de Ariba G, Arribas I, Perez de Lema G, Rodriguez-Puyol
D, Rodriguez-Puyol M. Cyclosporine A nephrotoxicity: role of
thromboxane and reactive oxygen species. J Lab Clin Med 1998;
131:63-70.

7. Wang C, Salahudeen AK. Lipid peroxidation accompanies
cyclosporine nephrotoxicity: effects of vitamin E. Kidney Int 1995;
47:927-934.

8. Luke DR, Vadiei K, Lopez-Berestein G. Role of vascular
congestion in cisplatin-induced acute renal failure in the rat.
Nephrol Dial Transplant 1992; 7:1-7.

9. Usta Y, Ismailoglu UB, Bakkaloglu A, et al. Effects of
pentoxifylline in adriamicin-induced renal disease in rats. Pediatr
Nephrol 2004; 19:840-843.

10. Luke DR, Berens KL, Verani RR. Benefit of vascular decongestion
in glycerol-induced acute renal failure. Ren Fail 1991; 13:61-69.

11. Vadiei K, Brunner LJ, Luke DR. Effects of pentoxifylline in
experimental acute renal failure. Kidney Int 1989; 36:466-470.

12. Vadiei K, Tucker SD, Lopez-Berestein G, Wasan KM.
Nephroprotective mechanism(s) of pentoxifylline: reduction of

excellent biomarker of chronic renal impairment. That
AOPPs are useful biomarkers in acute renal insufficiency
has been pointed out by Kimoto et al. [33] when they
determined  this parameter in  cisplatin-induced
nephrotoxicity. It is well known that vitamin E acts as an
antioxidant within cells, and the mechanisms which
contribute to its efficacy involve the suppression of free
radicals and improvement in antioxidant system status
[34]. In this paper, we confirmed the antioxidant properties
of vitamin E, which was supported by statistically
significantly lower AOPPs levels in rats simultaneously
treated with vitamin E and gentamicin in relation to the
group of rats treated with gentamicin alone.

Conclusion

Our experimental study showed that gentamicin-induced
nephrotoxicity can be significantly reduced by
simultaneous administration of vitamin E as a very
significant antioxidant.

Acknowledgment. This work was supported by the Ministry
of Science and Technological Development, Republic of Serbia
(grant 175092).

erythrocyte-mediated vascular congestion and inhibition of nitric
oxide release. Pharmacol Toxicol 1996; 78:174-180.

13. Cuzzocrea S, Mazzon E, Dugo L, et al. A role for superoxide in
gentamicin-mediated nephropathy in rats. Eur J Pharmacol 2002;
450:67-76.

14. Sha SH, Schacht J. Stimulation of free radical formation by
aminoglycoside antibiotics. Hear Res 1999; 128:112-118.

15. Baliga R, Ueda N, Walker PD, Shah SV. Oxidant mechanisms in
toxic acute renal failure. Am J Kidney Dis 1997; 29:465-477.

16. Baud L, Hagege J, Sraer J, Rondeau E, Perez J, Ardaillou R.
Reactive oxigen production by cultured rat glomerular mesangial
cells during phagocytosis is associated with stimulation of
lipoxigenase activity. J Exp Med 1983; 158:1836-1852.

17. Johnson JR, Lovett D, Lehrer IR, Couser GW, Klebanoff SJ. Role
of oxidants and proteases in glomerular injury. Kidney Int 1994;
45:352-359.

18. Patel Manali B, Deshpande S, Shah G. Evaluation of vitamin E and
N-acetyl cysteine in gentamicin-induced nephrotoxicity in rats. Ren
Fail 2011; 33:341-347.

19. Kedziora-Kornatowska K, Szram S, Kornatowski T, Szadujkis-
Szadurski L, Kedziora J, Bartosz G. Effects of vitamin E and
vitamin C supplementation on antioxidative state and renal
glomerular basement membrane thickness in diabetic kidney.
Nephron Exp Nephrol 2003; 95:e134-143.

20. Hahn S, Krieg RJ Jr, Hisano S, et al. Vitamin E suppresses
oxidative stress and glomerulosclerosis in rat remnant kidney.
Pediatr Nephrol 1999; 13:195-198.

21. Appenroth D, Frob S, Kersten L, Splinter FK, Winnefeld K.
Protective effects of vitamin E and C on cisplatin nephrotoxicity in
developing rats. Arch Toxicol 1997; 71:677-683.

22. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with folin phenol reagent. J Biol Chem 1951,
193:265-275.

23. Witko-Sarsat V, Friedlander M, Capeillere-Blandin C, et al.
Advanced oxidation protein products as a novel marker of oxidative
stress in uremia. Kidney Int 1996; 49:1304-1313.



66

24.

25.

26.

27.

28.

29.

Stojiljkovic N, Stoiljkovic M, Mihailovic D, et al. Beneficial effects
of calcium oral coadministration in  gentamicin-induced
nephrotoxicity in rats. Ren Fail 2012; 34:622—627.

Randjelovic P, Veljkovic S, Stojiljkovic N, et al. Protective effect of
selenium on gentamicin-induced oxidative stress and nephrotoxicity
in rats. Drug Chem Toxicol 2012; 35:141-148.

Wiland P, Szechcinski J. Proximal tubule damage in patients
treated with gentamicin or amikacin. Pol J Pharmacol 2003;
55:631-637.

Walker RJ, Duggin GG. Drug nephrotoxicity. Annu Rev Pharmacol
Toxicol 1988; 28:331-345.

Tulkens PM, Mingeot-Leclercq MP, Laurent G, Brasseur R.
Conformational and biochemical analysis of the interactions
between phospholipids and aminoglycoside antibiotics in relation
with their toxicity. In: Brasseur R (ed) Molecular description of
biological membrane components by computer-aided conformational
analysis, vol Il. CRC Press: Boca Raton, 1990; pp 63-93.

Gilbert N. Aminoglycosides. In: Mandell GL, Bennett JE, Dolin R
(eds) Principles and practice of infectious disease, 5th edn.
Churchill Livingstone: New York, 2000; pp 307-336.

30.

3L

32.

33.

34.

N. Stojiljkovié, S. Ili¢, M. Veljkovi¢, J. Todorovié

Matsuda O, Beck FX, Dérge A, Thurau K. Electrolyte composition
of renal tubular cells in gentamicin nephrotoxicity. Kidney Int 1988;
33:1107-1112.

Kadkhodaee M, Khastar H, Faghihi M, Ghaznavi R, Zahmatkesh
M. Effects of co-supplementation of vitamins E and C on
gentamicin-induced nephrotoxicity in rat. Exp Physiol 2005;
90:571-576.

Abdel-Naim AB, Abdel-Wahab MH, Attia FF. Protective effects of
vitamin E and probucol against gentamicin-induced nephrotoxicity
in rats. Pharmacol Res 1999; 40:183-187.

Kimoto Y, Sugiyama A, Nishinohara M, et al. Expressions of
protein oxidation markers, dityrosine and advanced oxidation
protein products in cisplatin-induced nephrotoxicity in rats. J Vet
Med Sci 2011; 73:403-407.

Ben Amara |, Karray A, Hakim A, et al. Dimethoate induces kidney
dysfunction, disrupts membrane-bound ATPases and confers
cytotoxicity through DNA damage. Protective effects of vitamin E
and selenium. Biol Trace Elem Res 2013; 156:230-242.



