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Abstract

Kidney function is maintaining of homeostasis and toxins elimination. Thus, it is susceptible to acute
damage by xenobiotics. Drug-induced nephrotoxicity is becoming a principal etiology for acute kidney
injury (AKI). The present study was designed to investigate the protective effect of iron chelator,
desferroxamin (DFO), and hesperidin (HES) on gentamicin (GM) induced AKI in rats and elucidating the
potential mechanisms. Group I: control, group 1I: GM (100mg/kg/d. i.p.) for 7days, group I1I: HES (200 mg/
kg) two days before and 7 days concomitantly with GM, group IV: DFO (100 mg/kg/d. i.p.) co-
administrated with GM and group V: GM + combined treatment by DFO and HES. Serum urea, creatinine,
KIM1, TNF-o and IL-6, renal MDA and HO1 concentration, immunohistochemical expression of caspase 3
and histopathology of kidney were evaluated. GM induced significant increase in all parameters excluding
renal HO1 level which is significantly decreased (p<0.05). Histopathological examinations revealed acute
tubular necrosis, hemorrhage and interstitial nephritis. These results were significantly reversed upon either
therapy by DFO or HES with more protection by combined treatment. These findings suggest that the Reno-
protective mechanisms of HES and DFO including antioxidant, anti-inflammatory and anti-apoptotic effects.
They are a good therapeutic approach for treating gentamicin nephrotoxicity.

Keywords: Desferroxamin, Hesperidin, Acute kidney injury, Gentamicin

Abbreviations: (AKI): Acute kidney injury; (GM): Gentamicin; (DFO):Desferroxamin; (HES):Hesperidin;
(KIM1): Kidney injury molecule 1;(HO1): Heamoxygenase 1
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1. Introduction

Acute kidney injury (AKI) is a major kidney
disease characterized by rapid loss of renal function.
This leads to accumulation of metabolic waste
products and disturbed body water and electrolytes
balance [1]. The rising incidence of AKI in both
creating and created nations turned it into a
worldwide general wellbeing concern associated
with high morbidity, mortality, and health services
cost [2]. The overall mortality after AKI remains
high and is around half [3].

Drug-induced AKI is estimated by about
22.2% of the 100 most used drugs in intensive care
unit were nephrotoxic [4].A prominent cause of
drug-induced AKI is aminoglycosides. They are
antibiotics used in clinical settings to treat serious
Gram-negative bacterial infections. Nephrotoxic
complication due to their use occurs in 10-20% of
therapeutic regimes [1].

Gentamicin (GM), one of aminoglycosides, is
recommended as the first line antibiotic for many
and life-threatening diseases because of its clinical
effectiveness, a low rate of resistance and
reasonable cost [5].Most studies report gentamicin
nephrotoxicity rates of between 8% and 26% [6].
No helpful medications improve survival, restrain
damage or fasten recovery from gentamicin induced
AKI other than dialysis. Several planes of treatment
have been used, with a variety of impact, trying to
invert the gentamicin promoted AKI [2].Therefore,
there is a pressing need to find a new therapeutic
strategy to treat AKI.

Hesperidin (HES) is a standout amongst the
most important bioflavonoid. It is dominating in
citrus fruits especially in the peel and membranous
parts of sweet orange and lemon [7]. It is likewise
in vegetables, nuts and seeds. Daflon, a dietary
supplement, is also a source for hesperidin
[8].Hesperidin is a strong antioxidant and one of
naturally occurring iron chelators [9]. In addition, it
suppresses inflammation [10].

Desferoxamine (DFQO) has been the standard
for iron-chelation therapy. It is used for treatment of
iron- overload syndromes. There is a rising role for
iron chelators in the treatment of non-iron overload
diseases [11]. For the association between renal
diseases and iron, a study stated that angiotensin Il
increased renal iron deposition and altered the

expression of renal iron transporters in rats
[12].Also, progression of diabetic nephropathy is
affected by a low-iron diet [13].These findings give
evidence that iron is involved in the pathology of
renal damage and iron reduction could ameliorate
kidney diseases. However, the effect of iron
reduction on AKI induced by GM stays indistinct.

Our strategy relies on treatment with possible
renoprotective agents to alleviate the GM induced
AKI based on specific mechanisms of action. We
investigated the possibility of oxidative stress,
inflammation and apoptosis in its pathogenesis and
the potential role of HES and DFO therapy.

2. Materials and Methods

2.1 Experimental Animals

Adult male albino rats weighing 230-260 g
were used in the present study. They were obtained
from the animal research center, faculty of
veterinary medicine, Benha University, Egypt. The
animals were housed (4 rats per cage) and
maintained on 12:12 h day and night cycles at
controlled temperature. The animals were fed with
standard pellet diets and drinking water ad libitum.
They were subjected to an adaptation period of 2
weeks before experiments. This study was carried
out in strict accordance with the recommendations
in the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health. The
protocol was approved by the Committee on the
Ethics of Animal Experiments of the Faculty of
Medicine, Benha University. Anesthesia by sodium
pentobarbital (50 mg/kg, intra-peritoneal) was
performed, and all efforts were made to minimize
suffering.

2.2 Chemicals and reagents

Gentamicin  and  Desferroxamin  were
purchased from local market E.P.I.C.O. and
Novartis, respectively (Egypt). Hesperidin was
provided by Sigma Chemical Co (St. Louis, MO,
USA). The TNF-a, IL6, serum KIM-1 [TIM-1 Rat
ELISA Kits] and malondialdehyde, MDA, TBARS
assay kits were acquired from Abcam (Cambridge,
UK). Rat specific, heamoxygenase-1 enzyme-linked
immunosorbent assay kit [HO-1, rat, EIA. ADI-
EKS-810A] was obtained from Enzo Life Sciences
International, Inc. (New York, USA). Primary

Am. J. Biomed. Sci. 2017, 9(2), 62-74; doi: 10.5099/3j170200062 © 2017 by NWPII. All rights reserved 63



antibodies for Caspase 3 were acquired from Santa
Cruz Biotech (Dallas, TX, USA). Goat anti-mouse
peroxidase-conjugated secondary antibodies were
from DakoCytomation (Glostrup, Denmark). Urea
and creatinine assay Kkits were obtained from
Diamond Diagnostics Company (Egypt).

2.3 Experimental design

Forty adult albino rats were randomly divided
into five equal groups (8 rats per group). Both HES
and DFO were dissolved in saline (0.9% NaCl) and
the solutions were prepared immediately before use.
Group I (Control): rats were administered saline by
intra-peritoneal injection (i.p.) throughout the
experimental period. Group Il (gentamicin group):
rats were injected (i.p.) with gentamicin at a dose of
(100 mg/kg/day) for seven days and served as
gentamicin control. GM injections were carried out
between 09.00 and 09.30 h to maximize GM-
provoked nephrotoxicity as circadian variation in
GM-induced nephrotoxicity is well known [14].
Group Il (HES+GM): rats were treated with
hesperidin by oral gavage at dose 200 mg/ kg two
days before and seven days concomitantly with
gentamicin (100 mg/kg/d, i.p.). The hesperidin dose
was in according with [15]. Group IV (DFO+GM):
rats were treated with DFO (100 mg/kg/d, i.p.) for
seven days in concomitantly with gentamicin (100
mg/kg/d, i.p.). The DFO dose used in this study was
chosen from a previous study by [16] and from
another one by [17]. Group V (HES+DFO+GM):
rats in this group were treated orally with hesperidin
at dose 200 mg/ kg two days before and seven days
concomitantly with gentamicin (100 mg/kg/d, i.p.)
and DFO (100 mg/kg/d, i.p.).

At the end of experiment, the animals were
anesthetized with sodium pentobarbital (60 mg/kg
I.p.), then the blood sample was obtained by cardiac
puncture from the right ventricle. The blood was
left until clotting. Serum was separated by
centrifugation at 3000 revolution per minute for 15
min and stored at -80°C. The kidneys were exposed
then freed from the surrounding tissues. One kidney
was immediately kept in 10% neutralized formalin
for morphological analysis. The other kidney was
divided into two longitudinal sections. Renal tissue
was isolated and kept. It then homogenized in
apposite buffer in cold condition (pH 7.0) to give
20% homogenate (w/v). The homogenate was

centrifuged at 1000 rpm for 10 min at 4 °C. The
supernatant was used for various analyses.

2.4 Laboratory analysis

a. Measurement of serum urea and creatinine
Estimation of Serum Blood Urea Nitrogen

(BUN) Level and creatinine were by enzymatic

colorimetric methods using commercial kits as

described by [18]. The data were expressed as

mg/dL.

b. Measurement of serum Kkidney injury
molecule-1(KIM-1)
It is measured by using Kkidney injury

molecule-1, KIM-1/ TIM-1/ rat ELISA kit which is
an in vitro enzyme-linked Immuno-sorbent assay
for the quantitative measurement of samples in
serum [19].
c. Measurement of renal lipid peroxidation MDA

In order to determine conditions of renal
oxidative stress, the measurement  of
malondialdehyde (MDA) level, a marker of lipid
peroxidation, in the kidney was carried out. The
supernatants of renal tissue homogenate were
collected for the determination of MDA
concentration using a commercial TBARS assay Kit,
as previously described [20].The absorbance values
were measured using a microplate reader and were
expressed as total MDA level to total protein
concentration (hnmol/mg protein).
d. Enzyme-Linked Immunosorbent Assay for
Hemeoxygenase-1

Renal HO-1, a heam degrading enzyme with
antioxidant properties, was detected in renal tissue
homogenate. It was quantified using commercially
available, rat specific, enzyme-linked
immunosorbent assay kit. All samples were assayed
in duplicate according to the manufacturer’s
instructions. The intensity of the color was
measured in a microplate reader at 450 nm. Sample
HO-1 concentrations were determined by
interpolating absorbance readings from a standard
curve generated with the calibrated HO-1 protein
standard. Data was expressed as ug/g renal tissue
[21].
e. Measurement of serum Tumor necrosis factor
o (TNF-a) and Interleukin-6 (I1L-6)

Serum levels of TNFa and IL6 were assessed
by specific rat ELISA Kkits. According to the
manufacturer’s instructions the concentrations of
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both were determined spectrophotometrically at 450
nm. Standard plot was constructed by using
standard cytokine and the concentrations for
unknown samples were calculated from the standard
plot.

2.5 Immunohistochemical analysis of Caspase 3

Caspase-3 technique was used for apoptosis
detection. The following steps were done according
to the manufacturer’s instructions.
Deparaffinization of  formalin-fixed paraffin
sections of the kidney was occurred in xylene. Then
sections were rehydrated in ascending grades of
ethanol. Endogenous peroxidase activity was
quenched with peroxidase block for 5 min.
Phosphate-buffered saline (PBS) was used to wash
sections twice. The slides were incubated with the
caspase-3 primary antibody in a dilution of 1:100
overnight at 4 °C. Sections were then washed twice
with PBS. Application of Goat anti-mouse
peroxidase-conjugated secondary antibody at a
dilution of 1:200 to sections was carried out and
incubated for 30 min at room temperature. It was
then followed by washing in distilled water and
counterstaining with haematoxylin. Sections were
assessed  using  light  microscopy(Olympus
Corporation, Tokyo, Japan).

2.6 Histo-pathological analysis

The paraffin-embedded specimen was cut into
2 um thick sections, put on microscope slides, and
stained with hematoxylin and eosin (H&E). The
samples were visualized for renal changes under a
light microscope.

2.7 Statistical analysis

All data are presented as mean * standard
deviation (SD). Differences among experimental
groups were determined by one-way analysis of
variance (ANOVA), followed by the Post hock
multiple comparison test. All statistical analysis was
performed using the statistical package SPSS 19.0
for Windows (SPSS, Inc., Chicago, IL, USA). A P
value (<0.05) was considered statistically
significant.

3. Results

3.1. Effect of gentamicin treatment on normal
rats

In gentamicin treated rats there was a
significant increase in serum urea, creatinine,
KIM1, TNFa, IL6 and renal MDA levels. Also,
there was a significant decrease in renal HO1
concentration compared to control rats (p< 0.05),as
shown in Table 1 and 2.

Table 1.Renal biochemical markers in control and experimental groups

Serum urea (mg/dl)

Creatinine(mg/dl) Serum KIM 1 (Pg/mL)

Group | [Control] 11.11+1.87

Group I [GM] 39.15+ 3.79 1
Group Il [HES+GM] 26.25+2.13 81
Group IV [DFO+GM] 24.56x1.12 87

Group V [HES+DFO+GM)] 12.21+1.78 §

0.59+ .04 205.83+21.65
2.13+ 249 664.83+49.39
1.4+ .19 87 450.17+40.84 8
1.56x .31 81 454.33+38.03 8
0.62+ .09 8 220.50+14.24 8§

Values are mean + SE; (n= 8 rats in each group). GM, gentamicin; HES, hesperidin; DFO, desferroxamin; KIM 1, kidney

injury molecule-1;
7 (P< .05) compared with control group;

8§ (P< .05) compared with gentamicin group.
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Table 2.0xidative stress and inflammatory markers in control and experimental groups

Renal MDA Renal HO1 Serum TNFa Serum IL6

(nmol/mg) (ua/g) (Pg/mL) (Pg/mL)
Group | [Control] 1.62+ .26 1.63% .11 12.11+1.04 114.13+1.57
Group 1l [GM] 2.65+ .24 0.81+ .13 29.32+2.14 270.50+8.36 1
Group 111 [HES+GM] 2.21+ 18§ 1.31+.088 1 18.18+1.3481 197.81+1.8881
Group IV [DFO+GM] 2.19+ 278 1 1.35+ .018 | 18.23+1.53§ 1 200.68+2.8481
Group V[HES+DFO+GM] 1.40+ .38 1.62+ .098 12.72+.658 118.7045.118§

Values are mean + SE; (n= 8 rats in each group). GM, gentamicin; HES, hesperidin; DFO, desferroxamin; HO-1,

Hemeoxygenase-1;
7 (P< .05) compared with control group;
§ (P< .05) compared with gentamicin group.

3.2. Effect of hesperidin on gentamicin induced
acute kidney injury

By administration of hesperidin to gentamicin
treated rats there was a significant decrease in
serum urea, creatinine, KIM1, TNFa, IL6 and renal
tissue MDA levels. There wassignificant increase in
renal HO1 concentration compared to gentamicin
group (p< 0.05), asshown in Table 1 and 2.

3.3.Effect of desferoxamine on gentamicin
induced acute nephrotoxicity

By administration of desferoxamine to
gentamicin treated rats there was a significant
decrease in serum urea, creatinine, KIM1, TNFa,
IL6and renal MDA levels. A significant increase in
renal HO1 concentration was found when compared
to gentamicin group (p< 0.05), Table 1 and 2.

3.4. Effect of combination of hesperidin and
desferoxamine on gentamicin induced acute
nephrotoxicity

As shown in table 1 and 2, by administration of
both hesperidin and desferoxamine to gentamicin
treated rats there were a significant decrease in
serum urea, creatinine, KIM1, TNFa, IL6 and renal
tissue MDA levels and a significant increase in
renal HO1 concentration when compared to
gentamicin group (p< 0.05).

3.5. The effect of hesperidin and desferroxamin
on apoptotic protein caspase-3 expression in the
gentamicin-induced AKI

The immunohistochemical expression of
caspase-3 apoptotic protein was presented in figure
1. Photomicrograph of kidney sections from control
group showing no expression of brownish immune-
reactive caspase-3 cells (Fig.1A) while, that of
gentamicin group showed strong positive brownish
caspase-3 reaction in all renal tubules (Fig.1B).
Photomicrographs of kidney sections from
hesperidin + gentamicin group (Fig.1C) and
desferroxamin + gentamicin group (Fig.1D) showed
weak positive brownish caspase-3 reaction in few
renal  tubules. Combined hesperidin  and
desferroxamin  therapy reversed the effect

gentamicin by reducing the expression level of
caspase-3 (Fig. 1E).

Figure 1A.Immunohistochemical staining of
apoptotic protein caspase-3 in control rats (x40)
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1B.Caspase-3

immunohistochemical
staining in gentamicin group. It revealed a marked
increase in the number of positive brownish
caspase-3 immune-reactive cells in the kidney (x40)

Figure

Figure 1C.Caspase-3 expression in gentamicin+
hesperidin group. It shows weak positive brownish
caspase-3 reaction in few renal tubules (x40)

1D.Immunohistochemical
caspase-3 in gentamicin+ desferroxamin group. It
shows weak positive brownish caspase-3 reaction in
few renal tubules (x40)

Figure staining  of

Immunohistochemical

Figure 1E. staining of
caspase-3 in gentamicin+ hesperidin+
desferroxamin group. It shows marked decrease in
caspase-3 expression in (x40)

3.6. The effect of hesperidin and desferroxamin
on renal morphology in the gentamicin-induced
AKI

The histopathological manifestations of the
renal tissue are presented in figure 2. Normal
kidney morphology was observed in the control
group (Fig.2A). Nephrotoxicity in the gentamicin-
treated rats was evidenced by massive tubular
necrosis, interstitial hemorrhage, intra-luminal cast
and interstitial nephritis  with  lymphocytic
infiltration (Fig.2B- a & b). However, these changes
were reversed by the combined hesperidin and
desferroxamin treatment with gentamicin group
(Fig.2E). Hesperidin plus gentamicin  group
(Fig.2C) and desferroxamin plus gentamicin group
(Fig.2D) ameliorated the extent of histological
injury and reduced inflammatory infiltration in renal
tissue with preserved renal architectures.

4. Discussion

A sudden decrease in renal excretory function
is defined as acute Kidney injury [22].Gentamicin
induces acute renal damage in 25% of treated
patients and even more in risky people [23].
Therefore, an in-depth understanding of gentamicin-
induced kidney damage mechanisms and potential
protective agents is essential.

In the present study; GM treated rats exhibited
significant increase in serum urea, creatinine and
KIM-1 levels versus control group (P< 0.05) Table
1. KIM-1 is a biomarker of renal diseases entailing
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A% > 1
Figure examination  of
control rats by H&E stain. It shows normal renal
structure [glomerulus, G; proximal convoluted
tubules, PCT; distal convoluted tubules, DCT] (x40)

v s b A SIS
Figure (2B-a).Effect of gentamicin treatment on rat
kidney. It shows massive tubular necrosis [N] and
interstitial hemorrhage [H] and with loss of renal

architectures (x20)

Figure (2B-b). Effect of gentamicin treatment on
rat kidney. It showedlymphocytic infiltration [#],
intra tubular cast [black arrows], tubular hyaline
degeneration [$] and congested blood vessel [*]
(x40)

Figure 2C. Effect of hesperidin on gentamicin
induced nephrotoxicity in rat kidney showing
preserved renal architecture (x40)

Figure 2D. Effect of desferroxamin on gentamicin
induced nephrotoxicity in rat kidney showing
preserved renal architecture (x40)

Figure 2E. Effect of combined treatment by
hesperidin and desferroxamin on gentamicin
induced nephrotoxicity in rat showing nearly pattern
of normal renal morphology (x40)
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acute injury of the proximal tubule epithelium [24].
That explains the specificity of GM accumulation in
the proximal convoluted tubules [25] and in
lysosomes through binding with the phosphatidyl-
inositide receptors [26].This confirming AKI
induced by GM.

AKI was associated with significant increase in
MDA level when compared to control group. That
is in consistent with the finding of [27]. GM
induced lipid peroxidation is through superoxide
anion (O-), hydrogen peroxide (H202), and
hydroxyl radical (OH) production from renal
mitochondria [28]. It binds to iron forming an iron—
gentamicin complex which significantly promoted
free radicals and ROS generation [29]. Free iron
also, acts as a catalyst in the chain reactions of lipid
peroxidation and membrane dysfunction [30]. This
is accompanied with significant (P<0.05) decrease
in renal heamoxygenase 1(HOL). It is a rate limiting
enzyme in heam catabolism, induced by stressors
and represents a leading cellular defense mechanism
against ROS damage [31]. Its decrease explained by
that free radicals generation was followed by
depletion of antioxidant enzymes during the process
of counteracting oxidative stress [21]. Kidneys are
vulnerable to ROS damage due to plenty of long
chain polyunsaturated fatty acids in its lipid
components [32], this leads to serious oxidative
damage and functions deterioration.

Our data revealed significant increase in TNF-
a and IL6 in gentamicin group when compared to
control (p< 0.05). TNF-a enhances the production
of other cytokines interceding inflammation [33]
and IL-6 stimulates neutrophils release from the
bone marrow and activating them to produce toxic
enzymes. This is supported by the histopathological
results which revealed the presence of lymphocytic
cells infiltration in kidney sections of GM group
(Fig. 2B-b). In this regard, ROS activates nuclear
factor kappa B (NF-xB) that plays a key role in the
inception  of inflammatory  process [34].
Furthermore, we found marked increase in the
number of brownish caspase-3 immune-reactive
cells in GM group when compared to control (Fig.
1B) indicating involvement of apoptosis in
pathogenesis of GM nephrotoxicity. This was in
agreement with the results of [35] and explained by
that excess of intra-lysosomal iron increases its
permeability leading to release of cathepsins into

the cytosol. This will induce apoptosis through
activation of mitochondrial membrane
permeabilization [36].

From our results we suppose that pathogenesis
of AKI induced by GM involves oxidative stress,
inflammatory reactions and apoptotic cell death.
This goes parallel with histopathological findings of
massive tubular necrosis, hemorrhage and loss of
renal architectures (Fig. 2B-a). Interstitial nephritis,
congested blood vessel and intra-luminal hyaline
casts (Fig. 2B-b). That was consistent with findings
of [37].

Iron-generated ROS plays a role in
pathogenesis of gentamicin induced AKI. We
supposed that iron chelation and antioxidants may
have a therapeutic value in gentamicin
nephrotoxicity. For this purpose we compared
between the effect of classic iron chelator
desferroxamin and hesperidin as potent antioxidant
in gentamicin nephrotoxicity. In (DFO + GM)
group and (HES + GM) group; we found significant
decrease in renal function parameters, serum urea,
creatinin and KIM-1, oxidative stress markers,
MDA and renal HO-1 concentration, and
inflammatory markers, TNF o and IL6 when
compared to gentamicin group (P<0.05) Table 1 and
2. There was decreased caspase-3 expression in
kidney sections from these groups when compared
to gentamicin group (Fig. 1C and 1D). This means
that DFO and HES exerts a renoprotective effect
which was further confirmed by histopathological
results in which there were improvement of renal
architecture with absence of tubular necrosis,
hemorrhage, intra-tubular cast or lymphocytes
infiltration (Fig. 2C and 2D).

The renoprotective effect of desferoxamine
was based on the idea of a “push-and-pull”
mechanism to scavenge redox active transition
metals. The chelators are able to tightly bind redox
active metals preventing them from participation in
the ROS production [38]. DFO is endocytosed and
accumulates in lysosomes where ROS generated
[23]. By the same way, DFO removes iron from the
enzymes active site that play key role in various
oxidative damage [39]. Furthermore, iron chelators
suppress oxidative stress by inhibiting the activity
of NADPH oxidase and suppressed expression of its
subunit p22°"* [40]. Additionally, DFO induces
HO-1 expression by blocking of p38 signaling
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pathway [41]. The decreased IL6 by DFO was in
agreement with Demetrios Vlahakos et al. [42].
They reported increased IL-6 production when
endothelial cells incubated with iron and blocked by
co-incubation with DFO. Decreased caspase-3
expression by DFO was in agreement with [43].
Being, DFO common lysosomal target iron chelator
causes iron starvation and decreased the lysosomal
and mitochondrial membrane permeabilization [44].

The renoprotective effect of hesperidin on
gentamicin induced AKI was explained by, in
addition to its free-radical scavenging activity and
restoration of the antioxidant defense systems it is
also, a potent iron chelator at different pH
conditions (pH 6.8 and 7.5). It forms stable complex
with iron. This facilitates protection of membrane
lipids against ROS injury [45]. Moreover,
hesperidin up-regulates HO-1 expression through
increased nuclear factor erythroid 2- related factor
(Nrf2) signaling [46].The anti-inflammatory effect
of HES has been chiefly associated with its
antioxidant activity and ability to inactivate the pro-
inflammatory cascade initiated by free radicals. It
inhibits of nuclear factor kappa B (NF-«xB)
expression that triggers pro-inflammatory genes
synthesis [10].

By comparing the effect of (DFO + GM) and
(HES + GM) groups, we found no significant
changes between the two groups (P > 0.05). So, we
concluded that desferroxamin and hesperidin
showed more or less similar renoprotective effect
against GM-induced AKI.

When both desferroxamin and hesperidin were
administered with GM, they efficiently protected
the rat kidneys from the serious nephrotoxic effects
of GM. This is evidenced by comparing the effect
of DFO+GM group or HES+GM group to
HES+DFO+GM group we found significant change
in all parameters (p< 0.05). Also, there were more
reduction in caspase-3 expression in this group
(Fig.1E) and improvement of renal architectures
with absence of histopathological findings of
nephrotoxicity (Fig.2E).

These findings can be explained via increased
HO-1concentration is mediated by two signaling
pathways through p38 blocking by DFO and Nrf2
activation by HES. The cellular protective
mechanism is exerted by HO-1 itself and by its
products CO, iron and biliverdin that converted into

bilirubin [47]. Bilirubin is a chain breaking
antioxidant that acts as a lipid peroxyl radical
(ROO:-) scavenger. It also, inhibits NADPH oxidase
activity and prevents neutrophils adhesion [48].CO,
the next product of heam metabolism, is a tissue
protective through its vasodilator, anti-platelet, and
direct anti-inflammatory effects [49]. The HO-1
activity increased the expression of ferritin and
ferritin synthesis, which serves to sequester iron
thereby protecting cells against metal ion, induced
oxidative stress [50].

It therefore, appears that combined treatment
by both HES and DFO has potential as a promising
and multipurpose therapy against gentamicin
induced AKI.

5. Conclusion

Based on the results of this study, we propose
that either hesperidin or desferroxamin could be
therapeutically beneficial in the treatment of
gentamicin induced AKI, with greater effect of their
combination, as a consequence of their anti-
oxidative, anti-inflammatory and anti-apoptotic
actions. The iron chelating property, the increased
HO-1 level, reduced TNF-o and IL6 alongside
inhibition of caspase-3 activity were among the
mechanisms that may have contributed to this
protection.
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