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ABSTRACT

Introduction: Deferasirox, as an oral iron chelator, is presently the first-choice medication for iron overload caused by
repeated blood transfusions due to its ease of use, efficacy, and high bioavailability, yet deferasirox has been also reported with
the occurrence of acute kidney injury and tubular dysfunction. Vitamin E is a potent antioxidant and anti-inflammatory agent.
Aim of the Work: To study the effect of deferasirox on the oxidative status, histological structure, apoptosis, proliferation, and
inflammation of the renal cortical tubules and examine the potential protective role of vitamin E against such effect in adult
male albino rat.

Material and Methods: Twenty-four adult male albino rats were subdivided into four equal groups; control, vitamin E-treated
(100 mg/kg/day vitamin E orally for 4weeks), deferasirox-treated group (100 mg/kg/day deferasirox orally for 4weeks),
and vitamin E&deferasirox-treated group (concomitantly administered vitamin E and deferasirox). Kidney specimens were
processed for different biochemical, histological, and immunohistochemical studies.

Results: Deferasirox-treated group revealed loss of the normal histological architecture of the renal cortex involving numerous
nuclear and cytoplasmic alterations of renal cortical tubules with inflammatory signs. Tissue malonaldehyde level was
significantly surged. A significant increase in caspase-3, Ki67, and iNOS immunohistochemical expression was recorded,
whereas a significant drop in the histochemical expression of PAS was detected. Results from the group concomitantly
administered with vitamin E and deferasirox exhibited an apparently normal histology of the renal cortex with a non-significant
difference in all studied parameters compared to the control group.

Conclusion: Deferasirox administration led to histological alterations in the renal cortical tubules through inducing oxidative
stress, apoptosis, proliferation, and inflammation. Concomitant supplementation with vitamin E exerted a protective action
against deferasirox harmful effects most probably through its antioxidative, antiapoptotic, and anti-inflammatory properties.
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INTRODUCTION dysfunction. Deferasirox kidney tubular damage presents
with characteristic biochemical results including metabolic
acidosis, hypophosphatemia, hypokalemia, phosphaturia,
glucosuria, and aminoaciduria. The pattern of deferasirox-
induced renal tubular damage is still inadequately cleared.

Chronic iron overload secondary to repeated blood
transfusions affects almost all patients of sickle cell anemia,
thalassemia, and myelodysplastic syndromes, as the
human body does not have an efficient way for excess iron

elimination. Iron overload usually causes multiple organs Vitamin E is a fat-soluble antioxidant naturally found
injury and dysfunction such as heart, liver, skin, endocrine in wheat germ, vegetable oils, and particular types of nuts
glands, and joints. Therefore, iron chelation is essential to and grains®. Vitamin E has an essential role in keeping
avoid organ dysfunction and decrease mortality!231. tissues from extreme lipid peroxidation and preventing the

propagation of free radicals?. It also has a great role in
cell membrane function, elasticity, and integrity. Vitamin
E is suggested as a preventive agent for kidney injuries
accompanied with reactive oxygen species (ROS), such
as occur with acute kidney injury induced by ischemia or
exposure to nephrotoxic drugs!®!12],

Both parenteral and oral iron chelation decrease iron
burden and organ injury. Deferasirox as an oral chelator
is presently the first-choice medication for iron overload
caused by repeated blood transfusions due to its ease of
use, efficacy, and high bioavailability®#. Gastrointestinal
problems and increased liver enzymes are the most frequent

adverse effects of deferasirox. One of the main side effects Therefore, this study was planned to study the effect of
in about one third of patients treated with deferasirox is deferasirox on the oxidative status, histological structure,
the rise of the level of serum creatinine!®%. In human, apoptosis, proliferation, and inflammation of the renal
deferasirox has been also reported with the occurrence cortical tubules and examine the potential protective role
of acute kidney injury, Fanconi syndrome, and tubular of vitamin E against such effect in adult male albino rat.
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MATERIALS AND METHODS

Experimental design

Twenty-four adult male albino rats, each weighing
200-220g, were kept in clean appropriately aired cages
under standard housing conditions at the animal house of
the Histology department of Tanta Faculty of Medicine.
They had access to balanced laboratory diet and water ad
libitum. This study was permitted by the Research Ethics
Committee of Tanta Faculty of Medicine (approval code
#35531). The rats were allocated into four equal study
groups:

Group I (Control group): the rats were further
subdivided into two equal subgroups; Subgroup la; animals
were kept without any treatment. Subgroup Ib; animals
were orally gavaged with 1ml of corn oil daily along with
Iml of distilled water for 4weeks.

Group II (Vitamin E-treated group): the rats were
orally gavaged with 100 mg/kg/day of vitamin E (95.5%,
a-tocopherol) in 1ml of corn oil for 4weeks!'. Vitamin
E was purchased from Merck (cat # 258024, Darmstadt,
Germany).

Group III (Deferasirox-treated group): the rats
were orally gavaged with 100 mg/kg/day of deferasirox
dissolved in Iml of distilled water for 4weeks!*.
Deferasirox (Exjade® 500mg tablets) was purchased from
Novartis (CAS 201530-41-8, Egypt).

Group IV (Vitamin E&deferasirox-treated group):
the rats were concurrently administered vitamin E and
deferasirox as explained in groups II and III respectively.

After the completion of the experiment, the rats were
euthanized with pentobarbital (40mg/kg)!'s). The kidneys
were rapidly dissected for biochemical study and light
microscopy preparation.

Biochemical analysis

Spectrophotometric determination of the level of tissue
malondialdehyde (MDA), as a marker of oxidative stress,
was performed!®.

Light microscopy examination

Kidney specimens were fixed in 10% formalin and
prepared for embedding in paraffin. Hematoxylin and
eosin (H&E)!' and Periodic Acid Schiff reagent (PAS)!
staining was performed.

Immunohistochemical staining

The primary antibodies; rabbit polyclonal antibodies
against cleaved caspase-3 (as an apoptosis marker), Ki67 (as
a proliferation maker), and inducible nitric oxide synthase
[INOS] (as inflammation marker) (ab2302, ab15580, and
ab3523 respectively, Abcam, USA) were used at dilutions of
1:200, 1:500, and 1:100 respectively. Kidney sections were
processed according the standard Labeled Strept(Avidin)
Biotin (LSAB) method as previously described™, using
3,3'-diaminobenzidine (DAB) hydrogen peroxide and
counterstaining with hematoxylin.

Morphometric analysis

Microphotograph acquisition was done employing
a light microscope (Leica, Switzerland) fixed to a
digital camera (Leica, Switzerland). Image analysis was
done using “Image]” software (1.48v NIH, USA) was
performed. Ten different fields from each section were
quantified at x400 to estimate the mean color intensity of
PAS, caspase-3, Ki67, and iNOS expression in addition
to the mean percentage and area percentage of Ki67 and
iNOS respectively.

Statistical analysis

One-way analysis of variance (ANOVA) was followed
by Tukey’s test for data analysis (IBM SPSS, IBM
Corp, USA). If the probability value (p) was < 0.05, the
differences were recorded as significant.

RESULTS

Biochemical findings

Tissue malonaldehyde levels from deferasirox-treated
group III was significantly higher (»p<0.001) than the
control group I, whereas its level in vitamin E&deferasirox-
treated group IV was not significantly different (p=0.0810)
from the control (Table 1).

H&E findings

Sections from both control group I and vitamin E-treated
group II similarly exhibited the normal histological
structure of renal cortex with the characteristic renal
corpuscles and tubules. Renal corpuscles were composed
of glomeruli of cluster of capillaries covered with the
visceral layer of the Bowman’s capsule and separated from
its flat squamous parietal layer with a capsular space. The
proximal convoluted tubules (PCT) were lined by cuboidal
cells with rounded basal nuclei surrounding a narrow
lumen. The distal convoluted tubules (DCT) were lined
by cuboidal cells with spherical nuclei surrounding a wide
lumen. Peritubular capillaries were observed in between
the tubules (Figure 1).

Sections from deferasirox-treated group III revealed
loss of the normal histological architecture of renal cortex.
Congested, degenerated, and collapsed glomeruli with focal
adhesions in the Bowman’s capsule were detected. More
importantly, most PCT were distorted with vacuolated
cytoplasm and pyknotic nuclei. Many DCT were dilated
with exfoliated epithelial cells or nuclei shed into the
lumen. Some PCT and DCT were totally distorted and
desquamated. Luminal acidophilic casts were occasionally
observed in some DCT (Figures 2,3). Some extremely
dilated congested blood vessels in addition to some
areas of interstitial hemorrhage together with extensive
mononuclear cellular infiltration were observed (Figure 4).

Sections from vitamin E&deferasirox-treated group IV
depicted an apparently normal renal cortex histoarchitecture
with glomeruli enclosed within intact Bowman’s capsule
with uniform capsular space. Most PCT and DCT were
intact (Figure 5).
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Periodic Acid Schiff (PAS) histochemical findings

Sections from both control group I and vitamin
E-treated group II similarly depicted a strong PAS-positive
expression in the intact brush border and regular basement
membrane of PCT and DCT as well as the parietal layer
of the Bowman’s capsule appeared as magenta red color
(Figure 6). While deferasirox-treated group III revealed
a weak PAS-positive expression in the disrupted brush
border and a weak to moderate reaction in the irregular
basement membrane of many PCT and DCT. A moderate
PAS expression with focal thickening of the parietal layer
of the Bowman’s capsule was observed (Figure 7). While
sections from vitamin E&deferasirox-treated group IV
showed a moderate to strong PAS-positive reaction in
the brush border and a strong reaction in the basement
membrane of PCT and DCT as well as the parietal layer of
the Bowman’s capsule (Figure 8).

The mean color intensity of PAS histochemical
staining in group III demonstrated a significant decrease
(»<0.001) compared to the control group, while group IV
was not significantly different (p=0.0807) from the control
(Table 1, Histogram 1-A).

Caspase-3 immunohistochemical findings

Immunohistochemically stained sections for detection
of caspase-3 in both control group I and vitamin E-treated
group II similarly showed a weak positive caspase-3
immunoreaction in the renal cortical tubules and corpuscles
(Figure 9). While sections from deferasirox-treated group
IIT showed a strong nuclear and/or cytoplasmic caspase-3
positive immunoreaction in the renal cortical tubules and
corpuscles appeared as a brownish color (Figure 10). In
contrast, vitamin E&deferasirox-treated group IV depicted
a moderate caspase-3 immunoreaction particularly in the
PCT and DCT (Figure 11).

The mean color intensity of caspase-3 immunoreaction
from group III revealed a significant upregulation
(»<0.001) with regard to the control group, whereas group
IV reported a non-significant difference (p=0.0797) from
the control (Table 1, Histogram 1-B).

Ki67 immunohistochemical findings

Immunohistochemically stained sections for detection
of ki67 in both control group I and vitamin E-treated
similarly revealed some Ki67-positive cells with a moderate
immunoreaction in the renal cortical tubules and corpuscles
appeared as a nuclear brownish color (Figure 12). While
deferasirox-treated group III exhibited numerous Ki67-
positive cells with a strong immunoreaction in the renal
cortical tubules and corpuscles (Figure 13). Whereas
sections from vitamin E&deferasirox-treated group IV
depicted many Ki67-positive cells with a moderate to

strong immunoreaction in most renal cortical tubules
(Figure 14).

The mean percentage and color intensity of Ki67-
positive cells from group III revealed a significant
increase (p<0.001) with regard to the control group,
whereas group IV recorded a non-significant difference
(»=0.0817 and 0.1615 respectively) from the control
(Table 1, Histogram 1-C).

iNOS immunohistochemical findings

Immunohistochemically stained sections for detection
of iNOS in both control group I and vitamin E-treated
similarly exhibited a faint positive iNOS cytoplasmic
immunoreaction in few glomerular and interstitial
cells exhibited as a brownish color (Figure 15). While
deferasirox-treated group III revealed a strong iNOS
cytoplasmic immunoreaction in numerous glomerular
cells, peritubular capillaries, and interstitial cells
(Figure 16). Whereas vitamin E&deferasirox-treated group
IV showed a moderate cytoplasmic iNOS immunoreaction
in some glomerular and interstitial cells (Figure 17).

Both mean color intensity and area percentage of
iNOS positive expression from group III was significantly
higher (p<0.001) than the control group, whereas group
IV displayed a non- significant difference (p=0.1364
and 0.1202 respectively) compared to the control
(Table 1, Histogram 1-D).

Renal corpuscles are composed of glomeruli (G) of tuft of capillaries
covered with the visceral layer (thin arrow) of the Bowman’s capsule
and separated from its flat squamous parietal layer (dashed thin arrow)
with a capsular space (asterisk). The proximal convoluted tubules (P) are
lined by cuboidal cells with rounded basal nuclei surrounding a narrow
lumen. The distal convoluted tubules (D) are lined by cuboidal cells with
spherical nuclei surrounding a wide lumen. Peritubular capillaries (thick
arrow) are observed in between the tubules. [H&E x400, scale bar=50um,
insets x1000]

1743



EFFECT OF DEFERASIROX ON KIDNEY

Fig. 2: Group III shows congested glomeruli (G) with focal adhesion
(asterisk). Most proximal convoluted tubules (P) are distorted with
vacuolated cytoplasm (notched arrows) and pyknotic nuclei (wavy
arrows). Many distal convoluted tubules (D) are dilated showing
exfoliated epithelial cells or nuclei shed into the lumen. Some tubules are
totally distorted. [H&E x400, scale bar=50um, insets x1000]

% p

Fig. 3: Group III shows degenerated and collapsed glomeruli (G) with
focal adhesion (asterisk). Most proximal convoluted tubules (P) and distal
convoluted tubules (D) are extremely dilated and desquamated. Luminal
acidophilic casts (thick arrows) are observed in some distal convoluted
tubules. [H&E x400, scale bar=50um]

v';.. 'l.—n

Fig. 4: Group III shows Some extremely dilated congested blood vessels
(V) in addition to some areas of interstitial hemorrhage (H) together with
extensive mononuclear cellular infiltration (I) are observed. [H&E x400,
scale bar=50pm]

Fig. 5: Group IV shows a near control renal cortex histoarchitecture with
glomeruli (G) enclosed within intact Bowman’s capsule with uniform
capsular space (asterisk). Most proximal convoluted tubules (P) and distal
convoluted tubules (D) are intact. [H&E x400, scale bar=50pm, insets
x1000]

Fig. 6: Control group shows a strong PAS expression appears as a
magenta red color in the intact brush border (thin arrows) and regular
basement membrane (notched arrows) of proximal and distal convoluted
tubules, and the parietal layer of the Bowman’s capsule (thick arrow).
[PAS x400, scale bar=50pum]

Fig. 7: Group III shows a weak PAS expression in the disrupted brush
border (thin arrows) and a weak to moderate expression in the irregular
basement membrane (notched arrow) of many proximal and distal
convoluted tubules. A moderate PAS expression with focal thickening
of the parietal layer of the Bowman’s capsule (thick arrow) is observed.
[PAS x400, scale bar=50pm]
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Fig. 8: Group IV shows a moderate to strong PAS expression in the brush
border (thin arrows) and a strong expression in the basement membrane
(notched arrow) of proximal and distal convoluted tubules, and the
parietal layer of the Bowman’s capsule (thick arrow). [PAS x400, scale
bar=50um]

ak positive caspase-3 immunoreaction
in the renal cortical tubules (thick arrow) and corpuscles (thin arrow).
[Caspase-3 x400, scale bar=50um]
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Fig. 10: Group III shows a strong positive nuclear and/or cytoplasmic
caspase-3 immunoreaction in the renal cortical tubules (thick arrows) and
corpuscles (thin arrows) appears as a brownish color. [Caspase-3 x400,
scale bar=50pum]

Fig. 11: Group IV shows a moderate caspase-3 immunoreaction
particularly in the proximal and distal convoluted tubules (thick arrows).
[Caspase-3 x400, scale bar=50um]

Fig. 12: Control group shows some Ki67-positive cells with a moderate
immunoreaction in the renal cortical tubules (thick arrows) and corpuscles
(thin arrow) as a nuclear brownish color. [Ki67 x400, scale bar=50um]

Fig. 13: Group III shows numerous Ki67-positive cells with a strong
immunoreaction in the renal cortical tubules (thick arrows) and corpuscles
(thin arrow). [Ki67 x400, scale bar=50um]
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Fig. 14: Group IV shows many Ki67-positive cells with a moderate to Fig. 16: Group IIl shows a strong positive cytoplasmic iNOS
strong immunoreaction in most renal cortical tubules (thick arrows). immunoreaction in numerous glomerular cells (thin arrows), interstitial
[Ki67 x400, scale bar=50pum] cells (thick arrows), and peritubular capillaries (dashed arrow) [iNOS

x400, scale bar=50pm]
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Fig. 15: Control group shows a faint positive iNOS cytoplasmic Fig.17: Group IV shows a moderate cytoplasmic iNOS immunoreaction
immunoreaction in few glomerular (thin arrows) and interstitial cells in some glomerular (thin arrow) and interstitial cells (thick arrows).
(thick arrow) appears as a brownish color. [INOS x400, scale bar=50pm] [iNOS x400, scale bar=50ym]

Table 1: Biochemical and morphometric analysis of the study groups

Group I Group II Group III Group IV
Mean tissue MDA level (nmol/g-tissue protein) 52.37+4.12 52.81+4.03 94.58+8.19+° 60.08+7.59¢
Mean color intensity of PAS histochemical staining 38.35£5.28 38.11£5.20 19.1242.970 32.91+£3.03¢
Mean color intensity of caspase-3 positive immunoreaction 5.29+1.93 5.82+1.84 30.17+3.88° 9.05+3.72¢
Mean percentage of Ki67-positive cells 5.79+1.05 5.09+1.15 20.98+3.67* 8.13+2.41°
Mean color intensity of Ki67 positive cells 7.20£1.66 7.34+1.09 16.31+£3.95% 9.2742.50°
Mean color intensity of iNOS positive immunoreaction 7.58+1.59 7.54+1.66 24.94+3.812> 9.73+£2.43¢
Mean area percentage of iNOS positive immunoreaction 1.19+0.8 1.11+0.7 8.03+1.64* 2.07+0.8¢

Significance is indicated by the superscript letters a,b,c against groups I, IT and III respectively
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45
40
35
30
25 *
20
15
10
5
0

@ [ eroupt | [ Groupn | | Groupll ‘ [ croupiv

Mean color intensity of caspase-3 immunoreaction

35 *

30
25
20
15

10
Sj
0

[ eroupt | [ Groupn | | Grouplil | [ croupiv

Mean percentage and color intensity
20 of Ki67 immunoreaction

. Percentage

* . "
Colorintensit
2 | t

20
15

10

0

‘ Groupl | [ Groupn | [ Groupm | [ Groupiv |

Mean color intensity and area percentage
= of iNOS immunoreaction
. Color intensity

. Area percentage

30 %
25
20
15

10

0

IE' [ eroupt | [ croupn | [ Groupm | [ Groupiv |

Histogram 1: Morphometrical analysis of A] Mean color intensity of PAS histochemical staining, B] Mean color intensity of caspase-3 positive immunoreaction,
C] Mean percentage and color intensity of Ki67-positive immunoreaction, and D] Mean color intensity and area percentage of iNOS positive immunoreaction.

* denotes a significant difference versus control.

DISCUSSION

In this work, deferasirox-treated group recorded
significant higher levels of the pro-oxidative marker, tissue
MDA compared to control group. This finding was in
consistence with a previous study®”. They suggested that
deferasirox induced oxidative stress with production of
oxygen free radicals (ROS) which is a crucial factor in the
occurrence of renal toxicity.

In the current study, the renal cortex, particularly the
tubules, expressed numerous histological alterations with
signs of inflammation in deferasirox-treated group. These
findings were similarly reported in earlier studies??*2"). The
later related these damages to oxidative stress resulting
after the use of deferasirox. Additionally, it was proved
that deferasirox promotes an intense engorgement of
mitochondria and suppresses the cellular ATPP22, which
could limit transport processes and explains the proximal
tubular dysfunction. Moreover, as the intracellular iron
proves indispensable for oxidative phosphorylation and
production of ATP for the proper functioning of tubular
cells?, therefore, excessive rapid chelation of iron by

deferasirox could explain the tubular damage!**. Another
proposed mechanism for proximal tubular injury induced
by deferasirox is related to the increased excretion of
urinary protein and glucose.

Caspase-3 is a main player in the intrinsic
mitochondrial-mediated intrinsic apoptotic pathway.
Caspase-3 is an effector caspase that causes alterations
in the shape and biochemistry of apoptotic cells!'**4. In
the present work, the renal cortical histological changes
were coupled with a significant upregulation in the mean
color intensity of caspase-3 expression in deferasirox-
treated group. Similarly, a previous study proved that
deferasirox induced apoptosis in cultured tubular cells®!.
Another study reported that deferasirox directly insulted
cultured proximal tubular cells and induced mitochondrial
dysfunction and cellular death with blended characteristics
of apoptosis and necrosis?!.

Meanwhile, in this study, the upregulation of
caspase-3 activity was coupled with a significant rise
in the expression of proliferating cells detected by Ki67
immunostaining in the renal tubules and corpuscles after
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deferasirox administration. This finding could be attributed
to the increase in ROS production by deferasirox leading
to cellular proliferation as a cellular response to damaging
organelles and DNA breaks’, where it was reported that
caspases activate a type of compensatory proliferation,
known as apoptosis-induced proliferation.

Furthermore, in this study, a significant increase in
iNOS expression was detected in deferasirox-treated
group along with evident signs of inflammation. Similarly,
Gomez-Guerrero et al.®® reported the upregulation
of iNOS renal expression in a rat model of immune
glomerulonephritis associated with proliferation and
inflammatory infiltration. They suggested a role for
nitric oxide (NO) in the pathogenesis, yet the function of
NO in the kidney is complicated. It can either reduce or
aggravate renal injury, hanging on the equilibrium between
its favorable hemodynamic role and its noxious effects*”,
which explains the weak expression of iNOS in the renal
cortical tubules in the deferasirox-treated group compared
to the glomeruli of the same group. Moreover, an earlier
study suggested that chronic suppression of iNOS could
induce an increase in the renal cortical activity®”, thus
could explain the increased rate of proliferation in the
deferasirox-treated group.

Vitamin E is a strong antioxidant and anti-inflammatory
agent with low cost and rare side-effects. It is considered
as a promising therapy against acute kidney injury™. It
was clinically reported that supplementing a high oral
dose of vitamin E for 12 weeks amongst diabetic patients
had beneficial effects on reducing oxidative stress and
inflammation in the kidney®!.

In this work, the concomitant administration of
vitamin E with deferasirox evidently restored the tissue
MDA level, reduced the renal cortical histological
changes, and improved the expression of the different
immunohistochemical markers of apoptosis, proliferation,
and inflammation. These results were similar to the
work of other researchers!'>*%. Since vitamin E is a cell
membrane hydrophobic compound®, it is one of the main
endogenous antioxidants that reduces lipid peroxidation
and targets free radicals, thus protecting mitochondrial
membranes from damage by ROSP*34. Scavenging oxygen
radicals and preventing lipid peroxidation with vitamin E
help to maintain renal glomerular structure and function®.

Moreover, some authors reported the antiapoptotic
protective role of vitamin E and its capability of
downregulating  caspase-3  immunoexpression  with
the subsequent restoration of the normal rate of cell
proliferation and relieving of the inflammatory signst*®l.
The role of vitamin E in maintaining cellular proliferation
was previously suggested both in vivo and in vifro, where
it was proposed to owe to the enhancement of the relevant
gene expressionl3738],

Additionally, the role of vitamin E in suppressing tissue
inflammation was suggested to be related to the depression
of C-reactive protein and inhibiting the release of relevant

proinflammatory ~ cytokines and interleukin-604%,
Furthermore, vitamin E induces its anti-inflammatory
effect in various cell types through inhibiting the COX-2
and 5-LUX mediated eicosanoids and suppressing the NF-
kB signaling pathwayst!.

CONCLUSION

Deferasirox administration led to histological
alterations in the renal cortical tubules through inducing
oxidative stress, apoptosis, proliferation, and inflammation.
Concomitant supplementation with vitamin E exerted an
evident protective action against deferasirox harmful effects
most probably through its antioxidative, antiapoptotic,
and anti-inflammatory properties. It is recommended
to proceed with more studies that include ultrastructural
examination for more insight of the mechanism of the
effect of deferasirox on the kidney in order to approach the
best protective agent against its side effects.
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