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Abstract

Background: Doxorubicin (Dox) nowadays is a widely
used chemotherapy, however using it has a lot of side effects
on different body organs. Unfortunately Nephrotoxcisty is
one of its common side effects.

Aim of Work: In this article we tried to seek for the effect
of Vitamin E (Vit E) as a commonly used vitamin to reduce
Dox induced nephrotoxisty.

Material and Methods: 40 albino rats were involved, they
were divided into 4 groups: Control group, Dox group in
which Dox was given in a dose of 2.5mg/kg, 3 times/week,
Vit E group in this group rats were given Vitamin E alone for
250mg/kg/day daily via intramuscular injection, Dox + Vit E
rats in this group received both medications in the previously
mentioned doses. At the end of the experimental period blood
samples were collected for biochemical analysis of serum
Urea, Creatinin and 8-Hydroxy-2'-deoxyguanosine (OHdG).
Renal tissues were collected for analysis of tissue OHdG,
histological examination (H & E) and immunohistochemical
analysis of renal tissue caspase 3 levels.

Results: Our results showed deterioration of all parameters
and increased immunohistochemical expression of caspase 3
in Dox treated group. On the other hand administration of
Dox with Vit E significantly improved all measured parameters
and lowers the expression caspase 3 levels.

Conclusion: Combined treatment of Dox with Vitamin E
decreases risk of Dox induced nephrotoxcisty. Protective
effects of Vitamin E can be due its antioxidant and its antia-
poptotic actions.

Key Words: Doxorubicin — Vitamin E — 8-Hydroxy-2"-deo-
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Introduction

NEPHROTOXICITY is one of the important side
effects of Doxorubicin therapy. It is well known
that Doxorubicin (Dox) which comes under anthra-
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cycline group of antibiotics is used for treatment
of cancers. In spite of its effective antitumor action,
its use is limited due to its side effects on organs
as the heart, kidney and testicles [1] . Doxorubicin
toxicity can be due to imbalance between produc-
tion of free oxygen radicals and antioxidants, this
disturbance is likely to be seen as lipid peroxidation
and protein oxidation leading to renal tissue injury
[2] . Doxorubicin induced histological changes in
renal tissue seen as increased glomerular capillary
permeability and tubular atrophy [3]. To our knowl-
edge it is known that Dox increased production of
Reactive Oxygen Species (ROS) and mitochondrial
DNA damage leads to outer mitochondrial mem-
brane permeability and translocation of cytochrome
c to cytoplasm, that activates a cascade of events
finally leads to activation of caspase 3 and induction
of apoptosis [4,5]. The most well-known oxidative
DNA by product is 8-Hydroxy-2"-deoxyguanosine
(8-OHdG), which is formed from a hydroxyl radical
attack at the C-8 position of a deoxyguanosine
residue in DNA. Measurement of levels of 8-OHdG
is frequently used in the evaluation of DNA damage
by oxidative radicals and considered as good bi-
omarker for risk assessment of various cancers and
degenerative diseases [6].

Increasingly, Doxorubicin was reported to in-
duce inflammation, as doxorubicin-killed cells are
considered as a chemotactic agent for aggregation
neutrophils and monocytes [7]. Vitamin E is an
effective antioxidant agent. Alpha-tocopherol is
considered the most active form in human. In
Diabetic nephropathy using oral high-dose of Vi-
tamin E for 12 weeks improved renal inflammation,
and oxidative stress [8]. Vitamin E used in renal
ischemia reperfusion leads to amelioration of renal
oxidative stress injury [9]. Moreover, in gentamicin
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toxicity, Vitamin E improved renal injury [10].
From the previous data we sought in our study to
find the protective effect of Vitamin E in amodel
of doxorubicin induced nephrotoxicity and detect
the possible underlying mechanisms.

Material and Methods

Animals;

Forty adults albino rats weighing (130-160
gms) were purchased from Animal House Faculty
of Medicine, Cairo University June 2016. All
animals were kept in the animal care facility of
the Laboratory Animal House Unit of Faculty of
Medicine, Cairo University and were provided
ordinary rat chow and water ad libitum with a 12
hours light-dark cycles. The experimental protocol
and procedures were approved by the Institutional
Animal Care and Use Committee of Cairo Univer-
sity. Animals were kept for 10 days prior to the
start of study to allow proper acclimatization.

Animal grouping animals were divided into the
following groups: Control group, Doxorubicin
treated group (Dox), Vitamin E-treated group (Vit.
E) Doxorubicin and Vitamin E treated group (Dox
+ Vit. E).

Medications: Doxorubicin (Adricine, EIMC
United Pharmaceuticals) was given in a dose of
2.5mg/kg/day, daily viaintraperitoneal injections
in both Dox-treated groups, while Vitamin E (Phar-
maco Pharmaceuticals) was given in a dose of
250mg/kg/day daily viaintramuscular injection,
throughout the experimental period (14 days).

Assessment of body weight: Body weight were
assessed at the beginning and at the end of the

study.

Biochemical analysis:

A- Estimation of urea & creatinine: Urea& creat-
inine were measured spectrophotometrically
following manufacture manual using commercial
kits (randox).

B- Estimation of * 8hydroxydeoxyguanosine (8-
OHdG) in serum of albino rats by ELISA: Blood
samples were taken from rats, left for 20 minutes
at room temperature to be clotted, then centri-
fuged at 4000rpm for 10 minutes, the supernatant
serum was used for the determination of 8-
OHJG by ELISA Kit (8-OHdG, Glory Science
Co., Ltd. USA), detection level: 10-300ng/L.

C- Estimation of * 8hydroxydeoxyguanosine levels
in kidney of albino rats by ELISA: The kidney
was rapidly excised then the samples were frozen

in liquid nitrogen and kept at 80°C until ana-
lyzed.

On the day of assay, small parts of the samples
were homogenized in 500 gphasphate buffer, the
homogenates were centrifuged for 20 minutes. The
supernatant was taken & used for estimation of 8-
OHdG by ELISA kit (8-OHdG, Glory Science Co.,
Ltd. USA.

Histopathological examination:

After scarification, kidneys were removed and
cleared of fat. Kidneys were fixed in 10% buffered
formalin solution, dehydrated in ascending ethanol

and embedded in paraffin. Serial sectionsof 5 g

thickness were obtained and stained with hematox-
ylin and eosin for routine histopathological assess-
ment.

Immunohistochemical examination:

Tissue sections were also processed for immu-
nohistochemical identification. For immune detec-
tion, sections were incubated at room temperature
for 1h with ready-to-use primary antibodies against
caspase 3.

Results

A- Assessment of body weight: Our results
displayed significant decrease in body weight
(p<0.05) in doxorubicin treated group with mean
value of (131.6667gms+ 10.65) in comparison to
normal control group with mean value of (168.3gms
14.71). On the other hand, administration of Dox-
orubicin in combination with Vitamin E increased
the body weight with mean value of (185gms# 15)
in comparison to Dox treated group and normal
untreated group with mean values of (131.6667gms
110.65 and 168.3gms+4.71 respectively). Admin-
istration of Vitamin E alone significantly increased
the body weight with mean value of (180gms# 10)
in comparison to normal control group with mean
value of (168.3gms=4.71) Fig. (1).

B- Biochemical analysis:
- Assessment of Kidney functions:

In the present study, Dox treated group showed
significant elevation (p<0.05) in the levels of urea
and creatinine with mean values of (145.3mg/dl
13.3 and 1.63mg/dI£0.07 respectively) in compar-
ison to normal group with mean values of (43.8
mg/di+2.13 and 0.46mg/dl £0.01 respectively). In
combination of Dox with Vitamin E, our results
displayed significant improvement of kidney func-
tions as it was shown via significant decreasein
the levels of urea and creatinine with mean values
of (58.3mg/dl + 14.9488 and 0.64mg/dl +0.18 respec-
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tively) in comparison to Dox alone treated group,
while there was significant elevation in the com-
bination (Dox and Vitamin E) group in comparison
to Vitamin E alone treated group with mean values
of (43.5mg/dl£1.51 and 0.47mg/d1£0.04 respec-
tively). Fig. (2A,B).

- Assessment of oxidative stress:

Our results displayed significant increase in
the oxidative stress in Dox-treated group detected
through significant elevation in serum and tissue
8-hydroxydeoxyguanosine with mean value of
(810.8ng/ml+25.3 and 908.3ng/L£73.5 respective-
ly) in comparison to normal control with mean
values of 620£27.5ng/ml and 616.6ng/L. £25.8).
On combination of Dox and Vitamin E there was
significant improvement of oxidative stress as it
was noticed through significant decrease in the
level of serum and tissue 8-OH Gd with mean
values of (697.5ng/ml+8.8 and 685.8+25.7ng/L
respectively) in comparison to Dox treated group
but still these values are significantly elevated in
comparison to control group with mean value of
(620+27.5ng/ml and 616.6ng/L125.8 respectively)
and Vitamin E treated group with mean values of
(623.3ng/ml+17.5119 and 513.3ng/L+29.4 respec-
tively). Fig. (3A,B).

C- Histopathological results:
- Haematoxylin and Eosin:

Histological examination of control group
showed normal histological renal structure Fig.
(4A). On the other hand, examination of Dox group
showed enlarged glomeruli almost filling the renal
corpuscles obliterating Bowman's space with mark-
edly congested glomerular capillaries. Some glo-
meruli showed sloughing and focal necrosis. Renal
tubules were distorted with obliterated lumina. The
tubular epithelium showed areas of shedding and
marked cytoplasmic vacuolization. Renal interstitial
tissue showed congested capillaries, focal haemor-
rhages and focal mononuclear inflammatory cellular
infiltrates Fig. (4B-D). However, examination of
Dox + Vit. E group revealed that renal glomeruli
showed mild focal and segmental congestion. Renal
tubular epithelium showed mild focal cytoplasmic
vacuolization. Renal interstitial tissue showed mild
scattered congested capillaries with mild focal
mononuclear inflammatory cellular infiltrates Fig.
(4E,F).

- Immunohistopathological detection of caspase
3'.
Immunohistochemical analysis of Dox group

using caspase 3 active antibodies showed positive
cytoplasmic staining in glomerular endothelial and
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epithelial cells as well as positive staining in

degenerated tubular epithelium Fig. (5B,C). On
the other hand, immunohistochemical analysis of
Dox + Vit E revealed very few positive cytoplasmic

granules in glomerular endothelial and epithelial
cells and mild positivity in cytoplasm of tubular
epithelium Fig. (5D).
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Fig (1): Comparison between the mean values £ SD of body
weights in all experimental groups.

* : Significant (p<0.05) in comparison to control.
@: Significant (p<0.05) in comparison to Dox-treated group.
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Fig. (2): A- Comparison between the mean values £ SD of
urea in all experimental groups. B- Comparison
between the mean values * SD of creatinine in all
experimental groups.

* : Significant (»p<0.05) in comparison to control.
@: Significant (p<0.05) in comparison to Dox-treated group.
# : Significant (p<0.05) in comparison to Vit. E-treated group.
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Fig. (3): A- Comparison between the mean values £ SD of serum level of 8-OHdG in all experimental groups. B- Comparison
between the mean values £ SD of tissue level of 8-OHdG in all experimental groups.
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Fig. (4): Photomicrograph plate of H & E results in all studied groups: A- Control group (H & E X200). B,C,D: Dox group (H
& E X200). E,F: Dox + Vit E group (H & E X200).



Heba S. Shoukry, et al.

(A)

(©)

655

(B)

(D)

Fig. (5): Photomicrograph plate of immunohistopathological results of caspase 3 in all studied groups: A- Control group X200.

B,C- Dox group X400. D- Dox + Vit E group X200.

Discussion

Doxorubicin is used nowadays in treatment of
many cancers, however its side effects limited its
usage. It well Known that Doxorubicin has a toxic
effect on the kidney [11]. This was evident in our
study via increased serum levels or urea and cre-
atinine. Our results are in agree with [12] as they
mentioned elevated kidney function tests on ad-
ministration of Dox injected intraperitoneal. The
exact mechanism of nephrotoxicity is not well fully
understood. Several studies attributed the Nephro-
toxic action of Doxorubicin was due to drug-
induced free radical generation [13] and this was
evident in our study via the significant increase in
the serum and renal tissue levels 8-OHGd levels
which is a sign of increased DNA damage resulted
from oxidative damage. Our results are in accord-
ance to [11] study that showed significant increase
in cardiac mitochondrial 8-OHGd levels on Doxo-
rubicin administration. Also our histological find-
ings showed deterioration of the renal tissue on
administration of Dox as mentioned before by [14]
as they observed glomerular sclerosis seen 10 days
after Dox injection in rats. Also, it was shown that
there was thickening of capillary basement mem-

brane in the Dox group. Urinary spaces and capil-
laries were dilated, and the flat epithelial cells of
the parietal layer of Bowman's membrane could
be discerned mostly as cuboidal or round in shape.
In the proximal tubules, vacuolization was observed
in the endothelial cell cytoplasm, for the most part,
degenerated, and microvillus is lost. Our histolog-
ical findings found also vacuoles in the cytoplasm
between the nuclei and cellular membranes of the
tubules. We seek in our study to find out the another
mechanism by which Dox can induce nephrotox-
icity, so we immunohistological measured the level
of caspase 3 expression level which is one of the
key regulators of apoptosis and can play a role in
the production of reactive oxygen species which
leads to Dox induced nephrotoxicity and to find
out if Dox has a direct effect on caspase 3 and
increased its expression. Our immunohistological
results found increased expression of caspase 3 in
Dox group. Our findings agreed with [12] as they
attributed Dox induced nephrotoxicity is via renal
tissue inflammation and apoptosis as they observed
increased expression levels of caspase 3 and in-
flammatory proteins in Dox treated group. Vitamin
E is a well known antioxidant drug as it was noticed
in our study causing significant decrease the serum
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and tissue 8-hydroxyGuanosine in Vitamin E treat-
ed group in comparison to normal control group
and the significant decrease when combined with
Dox in comparison to Dox treated group. To our
knowledge Vitamin E is strong antioxidant with
low toxicity, rare side-effects, and low cost so it
is considered as a new therapy against acute kidney
injury [15] . In our study we seek to find out if Vit
E has antiapoptotic protectiveroleif it is combined
with Do, interestingly we observed decreased
immunohistological expression of caspase 3 on
administration of Vitamin E. Our observation was
agreed by [16] as they found that Vit E has antiap-
optotic effect against formaldehyde induced neph-
rotoxicity. Moreover, [17] observed decreased cas-
pase 3 activity when Vit. E used for protection
against renal ischemiareperfusion injury.

In Conclusion:

Vitamin E has a protective role in doxorubicin
induced nephrotoxicity and the mechanism of
protection can be via the antioxidant effect of Vit
E or through its antiapoptotic effect.
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