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INTRODUCTION

Cisplatin is a widely used and one of the

standard antitumor drugs due to its high rate of
success in the treatment of many solid tumors
including metastatic ones. Despite its success as an
anticancer chemotherapeutic agent severe organ
toxicity restrict its dose and use [1]. Cisplatin
employs its toxic action by linking to DNA
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ABSTRACT
Background: Cisplatin is one of the most widely used anticancer drugs. As
with most of the chemotherapeutic agents, it doesn’t only target cancerous
cells but is also distributed to normal cells as well causing many organs
toxicity. Being the most important organ in the immune system; the spleen
affection by cisplatin treatment must be carefully prevented or reversed.
This current study aimed to assess the protective effect of a Notch inhibitor
dibenzazepine (DBZ) against cisplatin-induced splenic toxicity as well as
explore the proposed mechanism shedding light on the role of the Notch
pathway in its effect.
Methods: Rats were treated with DBZ (2mg/kg) for 12 days with a single
dose of cisplatin (7mg/kg) injected on the 8" day of treatment. Rats were
divided into four groups: Control, DBZ, Cisplatin, and DBZ+ Cisplatin
group.
Results: Cisplatin injection upregulated the oxidative stress markers MDA
and iNOS along with reduced antioxidant enzymes glutathione and catalase.
The inflammatory markers (TNFa, IL1B, and NKkB) were also
upregulated. Furthermore, the Notch-1 and Hes-1 expressions were also
significantly elevated. Cisplatin-induced splenic tissue damage was further
assured by light and electron microscopic histopathological examination.
DBZ pre-treatment significantly restored the upregulated oxidative stress,
and inflammatory as well as Notch signaling pathways toward normal
levels. Additionally, the histopathological architecture impairment was
improved by Dibenzazepine.
Conclusions: The study elucidated that DBZ protects against
cisplatin-induced toxicity in rats via antioxidative and anti-
inflammatory effects. Moreover, downregulating the Notch
signaling pathway was proved to play a role in DBZ’s
protective effect against cisplatin-induced splenic toxicity.
Keywords: Cisplatin; Dibenzazepine; Notch; Rats; Spleen.

®

eventually leading to impaired DNA formation, cell
cycle captures thus cancer cell death [2]. Separated
from cisplatin's well-established neurotoxicity,
nephrotoxicity, and hemolytic
uremic disorder, small consideration has been paid
to cisplatin treatment dangers on the spleen which
is the foremost imperative organ of
the resistant framework of the immune system [2,3].
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Remarkably, Oxidative stress and inflammatory
pathways are actively involved in cisplatin-induced
organ pathophysiology [3,4]. Hence, many drugs
with antioxidant and anti-inflammatory properties
evidenced to have positive results in protecting the
spleen from cisplatin-induce toxicity [5].

Really, there is always need for finding the
pathways incorporated in the pathogenesis of
cisplatin hazardous effects on the spleen. This will
be beneficial in finding out new hopeful protective
drugs against these hazardous effects.

Notch signaling path was proved to have a
fundamental role in controlling proliferation and
metastasis of many cancers and thus believed to be
a hopeful target for future cancer therapies [6,7].
There are four Notch receptors (Notch 1-4) and
principally, Notch-1 receptor is the one most
probably included in the upregulation of cancer
stem cells (CSCs) proliferation in many cancers [8].
Hence, targeting Notch-1 by many
chemotherapeutic drugs eventually result in
decreasing the number of CSCs[9] Various genes
are targeted by Notch-1 pathway by regulating their
expression, the most important one in controlling
the fate of CSCs is the Hes-1 (Hairy enhancer of
split) gene [9]. Definitely, this pathway is tangled in
the spread, and recurrence of CSCs leading to
chemo- and radio-resistance [8].

Transmitting cell
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When the ligands interact with their specific Notch
receptor the specific pathway become activated
[10]. Next, cleavage by two enzymes occurs these
enzymes are o- and y- secretases as shown in figure
().

Although this pathway was incorporated in the
organ toxicity evolved by many chemotherapeutic
agents, we propose that the incorporation of this
Notch pathway in splenic toxicity afforded by
cisplatin wasn’t previously cleared [10].

A y-secretase blocker dibenzazepine (DBZ) inhibits
this final enzymatic breakdown thus restricts the
upregulated Notch signaling pathway by stopping
the stimulation of all types of Notch receptors [11]
Notably, various y-secretase inhibitors were proved
to have anti-inflammatory and anti-proliferative
effects [12,13]. Remarkably, DBZ was proved to
have anti-tumor activity on several types of
cancerous cells [14], Consequently, we propose that
DBZ will be a hopeful drug in ameliorating splenic
toxicity evoked by cisplatin.

Therefore, our objectives in the present work were
to explore, the probable protective consequence of
DBZ use in contrast to splenic toxicity caused by
cisplatin administration in rats. Additionally, the
involved mechanisms in these protective effects will
be explored regarding their anti-inflammatory, and
anti-oxidative effects besides its promising effect on
the Notch pathway.
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Fig i The activation pathway of Notch signaling
receptors and their downstream signaling molecules
(The canonical Notch signaling pathway). The
interaction between Notch and its ligands from
neighboring cells results in two successive cleavage
events: cleavage at site S2 by ADAM protease and
subsequent intramembranous cleavage at S3 by v-
secretase complex. This ligand-dependent activation
process generates Notch intracellular domain
(NICD). In the nucleus, NICD forms the
transcription activation complex with transcription

Alsemeh, A.,

Invasion//

Nucleus

B X %
-
NICD

Notch Target Genes

/Apoptosis
Cell cycle

factor CSL and transcriptional coactivator such as
MAML1, initiating the transcription of target genes.
METHODS

Drugs and chemicals

Cisplatin was a gift from (Merk Ltd., Cairo, Egypt)
providedas afluid (1 mg/ml) injected as
a singular intraperitoneal dosage of (7 mg/kg) [10].
Dibenzazepine (DBZ) (Sigma-Aldrich Chemical
Co, St Louis, MO, USA) was prepared in DMSO
and corn oil mixture in a ratio of 1:9 [10] and was
injected intraperitoneally (i.p.) via a 23-gauge
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needle. All other used substances and solvents were
commercially accessible.

The Animals

Forty Sprague-Dawley male albino rats (weight
from 150-200 g) were gained and kept at the animal
house of faculty of medicine Zagazig university,
Egypt. Rats had unrestricted admission to food and
water. We kept them in suitable environment with
temperature adjusted at 21-25°C. room humidity
about 40-60% along with 12h cycle of light and
dark. We left rats in the experiment place for about
one week to adapt the surrounding environment
before starting experiment.

All animal experiments comply with the ARRIVE
guidelines and in harmony with Guide for the Care
and Use of Laboratory Animals (US NIH
Publication NO.85-23, revised 1996) and were
revised and approved by the Zagazig University
Institutional Animal Care Unit Committee, Zagazig
University, Zagazig, Egypt, with agreement number
(ZU-IACUC/3/F/159/2022).

Experimental Design

Animals received drug treatment for 12 days and
were randomly divided into four groups (ten / per
group) as follows: Control group, rats received i.p.
mixture of DMSO and corn oil in ratio of 1:9, (as
DBZ vehicle); DBZ group, DBZ (dose of 2 mg/kg)
was administered i.p. one dose/day for 12
continuous days; Cisplatin group, these rats were
given the vehicle i.p., once daily for 12 days and a
sole dose cisplatin (dose of 7 mg/kg i.p.) on the 8th
day was administered i.p. to induce spleen toxicity;
DBZz+Cisplatin group, received DBZ (dose of
2 mg/kg; i.p.)[10,15] single dose/day for 12 days
with a sole i.p., cisplatin injection (dose of
7 mg/kg) administered on the 8th experimental day.
Animals were sacrificed by cervical dislocation at
the end of the experimental period, then spleen from
all rats were dissected out and washed with
phosphate buffer saline (PBS) saline and divided
into 3 pieces. The first pieces of splenic tissues from
the  different groups were exposed to
homogenization and then the homogenates were
kept at —80°C till the estimates of the oxidative
burden and inflammatory cytokines in addition to
the Notch signaling pathway and qRT-PCR
assessment. Regarding the second pieces of splenic
tissues from all groups we fixe them in 10% formol
saline for the immunohistochemical study and
histopathological inspection by light microscope.
The third pieces from the different groups cut into
minor pieces and we fix them in 2.5%
glutaraldehyde buffer for preparation of the
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ultrathin  sections electron
microscope).

Oxidative stress markers assessment in splenic
tissue homogenates

GSH, MDA levels and catalase (CAT) activity were
measured in the splenic tissue homogenates of the
different experimental groups. The GSH assessment
method was according to that described by 16 (16).
Also, the MDA lipid peroxidation marker was
guantified by assessing the amount of thiobarbituric
acid reactive substances (TBARS) affording the
method of 17 [17]. CAT activity was measured
using a catalase measuring kit (Biodiagnostic,
Cairo, Egypt) in agreement with the producer’s
commands.

Inflammatory markers assessment in splenic tissue
homogenates

The inflammation markers IL-1B and TNF-a,
expression in splenic tissue was judged by
measurement in splenic homogenate of all groups
via rats quantitative ELISA kits (R&D Systems Inc.,
USA). We precisely follow the manufacturer’s
directives.

Immunohistochemical assessment of NF-#B and
inducible nitric oxide synthase (iNOS) proteins
We utilized the spleen blocks for the
immunohistochemical valuation of NF-xkB and
iNOS proteins. The slides were then blocked with
5% bovine serum albumin in tris-buffered saline for
two h. The section was then immunostained with
the primary NF-kB antibody (rabbit polyclonal 1gG
to rat NF-kB p65) and iINOS antibody (rat
monoclonal antibody,1:500 dilution, Transduction
Laboratories, San Diego, California, USA) at a
concentration of 1 pg/ml holding 5% bovine serum
albumin in tris buffered saline. Afterward, these
sections were incubated overnight at 4 °C. We then
washed the slides with tris buffered saline, after
that, the section was incubated with goat anti-rabbit
secondary antibody. We then washed the section
with tris buffered saline and incubated it for 5-
10 min in a solution of 0.02% diaminobenzidine
containing 0.01% H0.. Counterstaining was
finished using hematoxylin, and the slide was
visualized and carefully inspected under a light
microscope [18]

The Assessment of Notch signaling Pathway by
means of quantitative reverse transcriptase
polymerase chain reaction (QRT-PCR)

Notch-1 and Hes-1 expression levels in the spleen
were sensed using QRT-PCR as previously
described (19). For total RNA extraction, we
consume about 50-100 mg of splenic tissue
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precisely following the Bio Easy SYBR Green |
Real-Time PCR Kit (Bo Ri Technology Co, Ltd,
China). Table 1 show the primer sequences for
specific gene amplification. Fold variations in gene

Volume 28, Issue 6, November 2022(1242-1253)

expression were calculated using the 224t method.
The gene expression is measured as a relative fold
change to (GADPH) as an internal control reference
gene.

Table 1: The primers base sequences intended for a real-time quantitative polymerase chain reaction

Notchl

Hesl

GAPDH

Histopathological examination by light microscopy
Autopsy samples were taken from the spleen of all
examined groups to be inspected under light
microscopy. The fresh spleen parts were fixed in
10% buffered formalin at room temperature for 24 h
and then immersed in paraffin. Six pm thin tissue
sections were then stained with hematoxylin and
eosin and pathophysiological changes were
observed under a bright field and the light
microscope (Leica Microsystems, Schweiz, AG,
Heerbrugg, CH-9435, Switzerland) in the
Department of Anatomy, Faculty of Medicine,
Zagazig University, Egypt.
Ultrastructure examination by Transmission
electron microscopic (TEM)
The slices (1 mma3 thickness) of splenic tissues were
fixed in a mixture of 2.5% glutaraldehyde and 2.5%
paraformaldehyde, located in phosphate buffer for
24 hours, post-fixed in 1% osmium tetra-oxide,
dehydrated and embedded in resin. The slices were
clipped, followed by sectioning into semi-thin and
ultrathin sections. The ultrathin sections were
transferred to copper grids for staining with lead
citrate and uranyl acetate. The sections were
inspected by a transmission electron microscope at
the electron microscope unit in Mansoura
University using a Zeiss EM 100 S transmission
electron microscope at 60 KV to detect the
ultrastructure changes.
Histo-morphometrical analysis

Morphometric analysis was carried out on six
rats from each group. Next to the immunostaining
with the anti-NF-xkB and anti iNOS antibodies,
perspective fields from the images taken by the light
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Forward

CACTGTGGGCGGGTCC

Reverse GTTGTATTGGTTCGGCACCAT
Forward AGCCAACTGAAAACACCTGATT
Reverse

GGAGTTTATGATTAGCAGTGG

Forward

GGCATCCTGGGCTACACT

Reverse

CCACCACCCTGTTGCTGT

microscope at 400x magnification were selected to
measure the area % of NF-xB and iNOS positive
reaction in the splenic tissues from 6 animals/group.
Image J analysis software (Fiji image j; 1.51 n,
NIH, USA) was utilized at Anatomy and
Embryology Department, Faculty of medicine,
Zagazig University
Statistical analysis.
All gathered data were verified for normality and
then analyzed using GraphPad Prism 9 software
(GraphPad Software, San Diego, CA). Data were
stated as mean % standard error of mean (SEM).
Different groups mean were compared using one-
way analysis of variance (ANOVA) afterward
Tukey post hoc test for multiple comparisons was
performed. The level of significance was taken
at P <0.05.

RESULTS
The oxidative stress markers
Cisplatin-injected rats showed a significant decrease
in the reduced glutathione and catalase levels
accompanied by a significant increase in the lipid
peroxidation marker MDA in comparison with
Control rats. Notably, DBZ pretreatment
significantly upregulated the GSH and catalase
levels while decreasing MDA level in comparison
to the Cisplatin group. Furthermore, GSH, catalase
and MDA levels still unchanged in animals injected
with DBZ (Figure 1a, b and c).
iNOS expression in the rats’ splenic tissues detected
by immunohistochemical staining was illustrated in
Figure 1 (d:i-iv). Splenic tissues of Control group
showed minimal expression of iNOS in the red pulp
with negatively stained white pulp (Fig.1d, i).

1245|Page


https://dx.doi.org/10.21608/zumj.2022.147082.2593

https://dx.doi.org/10.21608/zum{.2022.147082.2593

Cisplatin injection evidently upregulated the iINOS
expression that revealed abundant positive
cytoplasmic immuno-stained cells in the red pulp
and within sinuses lining the endothelial cells with
few immuno-stained cells in white pulp (Fig. 1d, ii).
Alternatively, DBZ+ Cisplatin group displayed a
significant decrement in INOS
immunohistochemical expression compared to
Cisplatin group (Fig. 1d, iii). These results were
established by morphometrical and statistical
assessment of the area % of the brown staining
iNOS immuno-expression (Fig.1d, iv).

The inflammatory markers

Cisplatin injection significantly up regulated the
TNF-a and IL-1P levels compared to the Control
rats. DBZ pretreatment significantly reduce the
TNF-a and IL-1B levels compared to Cisplatin
injected rats. Notably, DBZ only treated animals
exhibited no significant variations in TNF-a and
IL-1pB levels in comparison with the Control group
(Fig 2 a, b).

NF-kB expression in the rats’ splenic tissues
detected by immunohistochemical staining as
illustrated in (Fig 2c: i-iv) showed that splenic
tissues of Control group exhibited faint expression
of NF-xB (Fig.2c, i). Even though, cisplatin
injection markedly upregulated the NF-kB
expression (Fig.2c, ii). On the other hand,
DBZz+Cisplatin  group displayed a significant
reduction in NF-xkB expression compared to
Cisplatin group but still revealed a significant
difference from the control group (Fig. 2c, ii). These
results confirmed by morphometrical and statistical
assessment of the area % of the brown staining NF-
kB immuno-expression (Fig.2c, iv).

Effect of DBZ pretreatment on the Notch
signaling pathway

The cisplatin-treated group showed a significantly
high expression of Notch-1 and Hes-1 mRNA levels
compared to the Control group. However,
DBZ+Cisplatin pre-treated rats showed a significant
downregulation in the Notch-1 and Hes-1
expression levels compared to the Cisplatin-treated
rats. Compared to the Control group, rats treated by
DBZ only did not show any significant change in
the Notch-1 and Hes-1 mRNA expression levels
(Fig 3 a, b).
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Effect of DBZ pretreatment on spleen histo-
pathology
The histopathological changes detected by H/E
staining of the splenic tissues taken from the various
experimental groups showed that Control as well as
DBz pretreated groups exhibited no
histopathological alteration in the splenic tissue
with distinct white pulp region surrounded by red
pulp and marginal zone (Fig 4 a-c). While distinct
histological changes were noticed in rats injected
with cisplatin, where the tissue of rats administered
with cisplatin clearly showed disorganization of
lymphoid follicles, dilated and congested blood
vessels, deposition of hemosiderin, a characteristic
of spleen damage and disorganization of the margin
between white pulp and red pulp that is indicative of
the toxic effect of the cisplatin on the splenic
architecture  (Fig.5a-c). @~ DBZ  pretreatment
significantly reduced hemosiderin deposition in
spleen and restored the architecture of the tissue as
is evident in (Fig. 6 a- ).
Effect of DBZ pretreatment on ultrastructure of
spleen tissues

Ultra-structural examination of the
control spleen revealed multiple lymphocytes of
different sizes. These lymphocytes had nuclei with
chromatin ~ that  homogenously  distributed.
Macrophages were large and extend their process
between lymphocytes. Fibroblast cell was seen
peripheral to lymphocytes (Fig. 7a). Regarding
cisplatin group, the splenic tissue showed
lymphocytes with different degrees of marginal
condensed chromatin in their nuclei. Lymphoblasts,
neutrophiles, eosinophils and fibroblast cells and
collagen fibers were clearly seen. Most of these
cells contained dilated rough endoplasmic
reticulum. Another field revealed lymphocytes,
macrophage and blood sinuses with their numerous
contents of RBCs. In addition, some active
macrophages with multiple phagosomes, multiple
vesicular body and vacuolation could be noticed.
lymphocytes with apoptotic nuclei and dark
cytoplasm can be observed (Figs. 7 b,c,d,e and f).
Interestingly, administration of DBZ reverse most
of the recorded histopathological injury to near the
normal architecture of the splenic tissues with few
RBcs in the blood sinuses but, some eosinophils and
macrophages with multiple vesicular body could be
seen (Fig 7g and h).
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Fig. 1 The impact of dibenzazepine treatment on the concentrations of oxidative stress markers in splenic tissues
of cisplatin-treated rats. (a) malondialdehyde (MDA) (b) glutathione (GSH) and (c) catalase (CAT) in splenic
tissues of cisplatin-treated rats. (d). (i: -iv) Photomicrographs of iNOS immuno-histochemical stained spleen
tissues from the various studied groups. (i) Control, (ii) Cisplatin and (iii) DBZ+Cisplatin groups. Arrowhead
and arrow refer to the brown color of the immuno-positive cells in the red pulp and within the sinus lining the
endothelial cells respectively (RP) Scale bar= 50 pm, x400. (iv) Histogram displays the quantitative and
statistical analysis of the area % of immuno- positive cells from the different experimental groups. * or #:
Statistically significant from the control or the cisplatin group, respectively, p < 0.05 using ANOVA followed by
Tukey-Kramer as a post-hoc test (N= 6/ group) + S.E.M. NF-xB: nuclear factor kapa B, DBZ: dibenzazepine.
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Fig. 2: The effect of dibenzazepine treatment on the levels of (a) tumor necrosis factor TNFa and (b) interleukin
-1 beta IL-1p in splenic tissues of cisplatin-treated rats. (¢) Photomicrographs of NF-kB immuno-histochemical
stained spleen tissues from the various studied groups. (i) Control, (ii) Cisplatin and (iii) DBZ+Cisplatin groups.
Arrowhead refers to the brown coloration of the immuno-positive cells Scale bar= 50 um, x400. (iv) Histogram
displays the quantitative and statistical analysis of the area % of immuno- positive cells from the different
experimental groups. * or #: Statistically significant from the control or the cisplatin group, respectively, p <
0.05 using ANOVA followed by Tukey-Kramer as a post-hoc test (N= 6/ group) + S.E.M. NF-kB: nuclear factor

kapa B, DBZ: dibenzazepine.
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Fig. 3: Real-time quantitative polymerase chain reaction (QRT-PCR) shows relative mRNA expression of
splenic (a) Notch-1/GADPH and (b) Hes-1/GADPH (% control) in all experimental groups (one- way ANOVA
followed by Tukey post hoc test). (N= 6/ group) + S.E.M. “p < 0.05 vs control group, # p < 0.05 vs cisplatin

Fig.4: Photomicrographs of the spleen sections stained with H&E from control group shows: a) Its two main
components white pulp (WP) and red pulp (RP) with distinct marginal zone (MZ) in between and the white pulp
contains central arteriole (A). b) White pulp (WP) is formed of lymphocytes with dark stained nuclei (curved
arrow) and contains central arteriole (A) that is surrounded by peri-arterial lymphatic sheath (PALS). c) the red
pulp (RP) which contains blood sinusoids (S) and splenic cords (SC). (a) Scale bar=200 pum, x100; (b, ¢) Scale

bar= 50 pm, x400

: o » g 1 -7
Fig.5: Photomicrographs of cisplatin ing: a) the white pu
architecture (bifid tailed arrow) with appearance of germinal center (asterisk), The red pulp (RP) contains dilated
congested blood vessels (BV). Note ill-defined marginal zone (MZ). b) white pulp (WP) contains several
fragmented pyknotic nuclei (in sets) and vacuolated cells with fragmented pyknotic nuclei (zigzag arrows) and
dilated thick wall arteriole (A*). ¢) Red pulp (RP) showing large dilated congested blood vessels (BV),
hemosiderin laden cells (arrowhead) are also seen. Note the presence of huge splenic trabecula (T). (a) Scale
bar= 200 um, x100; ('b, c) Scale bar= 50 um, x400.

Alsemeh, A., 1248 |Page


https://dx.doi.org/10.21608/zumj.2022.147082.2593

https://dx.doi.org/10.21608/zum{.2022.147082.2593

Volume 28, Issue 6, November 2022(1242-1253)

Fig.6: Photomlcrographs of DBZ+ Clsplatm group a) showmg nearly normal splenlc archltecture can be seen
with preservation of Its two main components white pulp (WP) and red pulp (RP) with distinct marginal zone
(MZ) in between with congested blood vessel (BV). b) the white pulp (WP) is formed of lymphocytes with dark
stained nuclei (curved arrow) and contains central arteriole (A) that is surrounded by peri-arterial lymphatic
sheath (PALS). Pyknotic nuclei (zigzag arrow) are still detected 11).c) The red pulp (RP) appearance is almost
normal that containing blood sinusoids (S) and splenic cords (SC). While congested blood vessels (BV)and few
hemosiderin-laden cells (arrowhead) are still observed. Note the presence of smaller splenic trabecula (T). (a)
Scale bar= 200 um, x100; (b, ¢) Scale bar= 50 um, x400.

Fig.7: Electron photomicrographs of ultra- sections in spleen tissues from the different groups. a) control group,
(b,c,d,e) Cisplatin group and (g,h) DBZ+ Cisplatin group. M: macrophage, L: lymphocytes, f: fibroblast, m:
affected macrophage, ph: phagosome, RER: dilated rough endoplasmic reticulum, C: transverse collagen fibers,
V: vacuolation, mb: multiple vesicular bodies, ap: apoptotic nuclei, en: eosinophile, nf: neutrophil, cf:
longitudinal collagen fibers, Rc: red blood cells, R: reticular cell. (TEM, a, b, ¢, e, f, g: scale bar=5 um, d &h:
scale bar=10 pum).

DISCUSSION
Cisplatin is a highly used chemotherapeutic agent
that’s broadly described for the treatment of
numerous types of tumors. Unfortunately, cisplatin
has poor targeting to only cancerous cells and is
distributed to other organs as well [20]. This
conforms to the base for cisplatin-induced organ
toxicity. Notably, the hazardous effect of this drug
on the spleen is well noticed [2]. The current study
sheds light for the first time to the possible

Alsemeh, A.,

protective effect of DBZ in contradiction to
pathophysiology induced in the spleen by cisplatin
injection in rats. Some proposed involved
mechanisms were clearly elucidated in this positive
protective effect, including anti-inflammatory and
antioxidative mechanisms besides its effect on the
Notch signaling pathway.

Cisplatin caused damage to the splenic tissue as
evidenced by light and electron microscopic
examination and DBZ treatment ameliorated the

1249 |Page


https://dx.doi.org/10.21608/zumj.2022.147082.2593

https://dx.doi.org/10.21608/zum{.2022.147082.2593

extent of this histopathological damage. Cisplatin
caused damage to the antioxidant defense enzymes
catalase (CAT) and glutathione (GSH) along with
increased expression of the lipid peroxidation
marker MDA and iNOS levels. DBZ pretreatment
was found to restore the GSH, CAT, MDA, and
INOS expression levels toward normal values thus
reducing the oxidative damage.

Also, cisplatin-induced upregulation of the
inflammatory pathways manifested by high levels
of TNFa and IL-1B beside increasing activation and
thus nuclear translocation of NF-xB proved by
increased  expression  of  NF-kB-p65 in
immunohistochemical staining of splenic tissue.
Treatment  with DBZ  hampered nuclear
translocation of NF-kB along with a reduced
transcription of the inflammatory markers TNFa
and IL-1p.

To the best of our knowledge, our study is the first
to shed light on the contributing role of the Notch
pathway in the splenic injury provoked by cisplatin
and the role of DBZ a 7y secretase inhibitor in
ameliorating its hazardous effects on splenic tissue
of cisplatin injected rats. Our study showed that the
MRNA expression levels of the Notch-1 receptor
beside Hes-1 were highly upregulated in cisplatin
treated rats. DBZ pretreatment restored the elevated
Notch pathway molecules to near normal levels
being a gamma secretase inhibitor.

In accordance with our results previous studies
showed accumulation of reactive oxygen species
(ROS) in the spleen following cisplatin
administration led to distorted redox oxidative
status homeostasis assured by reduced levels of
antioxidant enzymes CAT and GSH along with
upregulated oxidative stress markers MDA and
iNOS levels [2, 21].

Banerjee and his colleges added that the increased
TNFa level evoked by cisplatin stimulates increased
expression of iNOS leading to increase NO level
and generating nitrosative stress in the splenic tissue
[2].

The ameliorative effect of DBZ on the oxidative
stress induced by cisplatin is in the same line with
preceding studies showing that antioxidant
compounds such as selenium, and carnosine
protects against cisplatin induced organ toxicity
[2,22]. Additionally, many studies linked the
inhibition of Notch-1 pathway by gamma secretase
inhibitors to the down regulation noticed in the lipid
peroxidation inflammatory marker MDA[23].
Added to oxidative stress; inflammation was proved
to show a crucial role in the pathophysiology
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induced by cisplatin on rat spleen. In accordance
with our results previous ones documented elevated
expression of proinflammatory cytokines as TNFa
and IL-1B after cisplatin injection in different
animal models [3,4]. Parallel to our results Banerjee
et al reported that cisplatin exposure including
increases the activation and nuclear translocation of
NFxB leading to increased transcription of other
proinflammatory cytokines including TNFa and IL-
1B [2].

The ameliorative effect of DBZ on inflammatory
markers were approved by many studies on gamma
secretase inhibitors as they were proved to have
anti-inflammatory and antiproliferative effects on
different experimental models [12,13]. Moreover,
previous studies showed that dibenzazepine
attenuates cisplatin-induced nephrotoxicity in rats
and attributed this protective effect to its anti-
inflammatory as well as antioxidant effect [10].
Pointing new pathways explaining the cisplatin
induced splenic injury seems to be a hopeful
solution for decreasing the cisplatin induced organ
damage. The attention towards the role Notch
pathway in pathogenesis, proliferation and spread of
many tumors has been raised in recent years [8, 24].
And therapies targeting this harmful pathway are
very promising in field of anticancer drugs (10).
One of these strategies are the use of gamma
secretase inhibitors including DBZ for the treatment
of various cancers due to their ability to inhibit
Notch receptor signaling [25,26,27]. Increasing
number of studies proved that many anti cancerous
drugs target the cancerous stem cells by targeting
Notch-1[28,29]. Till now, the probable contribution
of the Notch pathway in splenic toxicity induced by
cisplatin has not been clearly elucidated, thus we
found it a thought-provoking point to be discovered.
Our current results showed up regulated levels of
mRNA of Notch-1 receptor and Hes-1 in the
cisplatin-injected rats. These effects were
ameliorated by DBZ pretreatment; which are an
expected effects from such drug being a gamma-
secretase inhibitor.

In addition to the attenuated expression levels of the
evaluated Notch pathway components by DBZ
pretreatment a cross talk between the Notch
pathway and the assessed inflammatory cytokines
was clearly reported by many studies. Thus, a
crosstalk between TNF-oo and the master
inflammatory marker NF-xB and Notch pathway
was proved to withstand the intrinsic inflammatory
cytokines [30]. Evoked TNF-a encouraged NF-kB
signaling which in teamwork with the basal Notch
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signals, upregulates the expression level of the
Notch targets mainly by phosphorylation of
promoters of histone H3 at the Hesl. Additionally,
Hes-1 proved to induce gene transcription of NF-
kB, thus linking the Notch signaling pathways to
the inflammatory responses induced by NF-«B
upregulation [31].

These aforementioned biochemical changes evoked
by cisplatin administration was correlated by
histopathological damage that showed in splenic
tissues by H&E staining and electron microscopic
examination. In accordance with our results
Milicevic al found that the volume density of red
pulp, white pulp and the marginal zone of cisplatin
exposed spleen was markedly reduced compared to
normal ones [32,33]. Furthermore, cisplatin
exposure causes injury to erythrocytes and the
injured RBCs collects in the red pulp of the spleen
with decreased recycling of FPN1 and ferritin
protein. Thus, produces iron burden in the
spleenocytes leading to hemosiderin deposition in
the splenic tissue [34]. Moreover, our results in
accordance with Khalaf et al who stated that the
spleen sections from rats treated with cisplatin
showed, noticeable histopathological changes,
including disorganization of lymphoid follicles,
hyperplasia in white pulp, depletion of lymphocytes
in red pulp with edema. Increased hemosiderosis as
well as fibrosis in the red pulp and some lymphoid
follicles were also noticed along with dilated and
congested blood vessels [35]. Furthermore, our
results in alignment with Craciun & Pasca who
proved that Cisplatin has been found to induce
ultrastructural modifications by increase the
reaction of the affected tissue, revealed by the
increased activity of macrophages, plasmacytes,
monocytes, eosinophils and neutrophils, indicating a
protective reaction of the spleen to the toxic effect
of cisplatin [36].Fortunately, DBZ restored to a
great extent the histopathological damage caused in
the spleen by cisplatin administration a finding
linked to improved oxidative stress and
inflammatory status caused by cisplatin along with
restoration of the disturbed Notch-1 pathway.

In conclusion, our results showed that DBZ evoked
a talented protective effect in face of cisplatin-
induced splenic damage in rats. These defending
properties of DBZ were accomplished by tumbling
oxidative stress and inflammation along with
downregulating the overstimulated Notch signaling
pathway a promising finding making it hopeful to
attempt other Notch blockers as a splenic protective
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drug against chemotherapeutic induced toxicities in
future studies.
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Fig i The activation pathway of Notch signaling receptors and their downstream signaling molecules (The
canonical Notch signaling pathway). The interaction between Notch and its ligands from neighboring cells
results in two successive cleavage events: cleavage at site S2 by ADAM protease and subsequent
intramembranous cleavage at S3 by y-secretase complex. This ligand-dependent activation process generates
Notch intracellular domain (NICD). In the nucleus, NICD forms the transcription activation complex with
transcription factor CSL and transcriptional coactivator such as MAMLY1, initiating the transcription of target
genes.
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