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ABSTRACT

Background: Cyclophosphamide disturbs the oxidant and antioxidant balance that is associated with several
unwanted toxic effects and induction of secondary cancers. The aim of this study was to test the protective effects of
Sulforaphane on the cyclophosphamide toxicity of rat urinary bladder.

Methods: 32 male albino rats were divided into 4 groups, 8 animal each (n=8). Group | received saline intra-
peritoneal, group Il received 5 mg/kg sulforaphane for 5 days and then saline, group 111 received 0.9% saline intra-
peritoneal for consecutive 5 days and a single dose of cyclophosphamide 200 mg/kg on the six-day, group IV
received sulforaphane at a dose of 5 mg/kg for consecutive 5 days and a single dose of cyclophosphamide 200 mg/kg
on the six day. On the seventh day of the experiment, the animals were sacrificed, and the urinary bladder samples
were dissected for histopathological and immunohistochemical investigations and electron microscopic studies.
Results: the mucosa of the urinary bladder of Sulforaphane treated group showed normal architecture while that of
cyclophosphamides treated group showed features of degenerated and ulcerated lesions of the epithelial lining
associated with hemorrhage. Theses lesions markedly decreased in the mucosa of urinary bladder of
cyclophosphamides and sulforaphane treated group.

Conclusions: The use of sulforaphane reduces the cyclophosphamide toxicity on the urinary bladder in the form of
decreased vacuolation with decreased degeneration of the epithelial lining.
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The cyclophosphamide is used mainly in the treatment of
malignant lymphomas stages Il and V. Also used in the
treatment of breast cancer, disseminated neuroblastomas,
retinoblastoma.  Multiple  studies  have  found

INTRODUCTION

Cyclophosphamide (CP) is a sort of nitrogen mustard

drug which exerts its effects through the alkylation of
DNA. It is capable of inhibiting protein synthesis through
DNA and RNA crosslinking.

cyclophosphamide useful in the treatment of autoimmune
diseases such as multiple sclerosis. Cyclophosphamide
has also been prescribed pretransplant as an
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immunosuppressant to prevent transplant rejection and
graft-vs-host complications.>®

One of adverse effects of cyclophosphamide is
hemorrhagic cystitis. It developed at lower doses and
shorter durations if taken intravenous rather than oral
administration.* Acrolein is the main molecule
responsible of this side-effect and mesna (2-
mercaptoethane sulfonate) is the commonly used
preventive agent. Mesna binds acrolein and prevent its
direct contact with uroepithelium.®

Several transcription factors and cytokines, free radicals
and non-radical reactive molecules, as well as poly
(adenosine diphosphate-ribose) polymerase (PARP)
activation have roles in its pathogenesis. In addition to
many cytokines such as tumor necrosis factor (TNF) and
the interleukin (IL) family and transcription factors such
as nuclear factor-xB (NF-kB) and activator protein-1
(AP-1) contribute to its pathogenesis.®

So, pathogenesis of CP-induced bladder toxicity occurs in
three steps; first entrance of acrolein rapidly into the
uroepithelial cells; then it activates intracellular reactive
oxygen species and nitric oxide production forming
peroxy-nitrite; finally, high level of peroxy-nitrite
damages lipids, proteins and DNA causing activation of
PARP resulting in the depletion of oxidized
nicotinamide—adenine  dinucleotide and adenosine
triphosphate, and consequently in necrotic cell death.”

Herbal medicines widely used as a source of curative
treatment, because chemical components of plants
promote health and prevent diseases and plants are
important sources of new drugs.®® Sulforaphane which is
one of isothiocyanates.  Naturally occurring
isothiocyanates (IST) are enzymatically degraded
products of glucosinolates (GST), found abundantly in
cruciferous vegetables, i.e., cauliflower, cabbage,
broccoli, and brussels sprouts. When plant cells are
ruptured by food processing or damaged by microbial
infection, the myrosinase enzyme hydrolyzes the inactive
GST into active IST.X° Sulforaphane (SFN) is the most
studied naturally occurring IST, a hydrolysis product of
glucoraphanin, predominantly found in broccoli.
However, cooked broccoli contains no myrosinase, but
gut microbiota can convert GST to SFN, as they possess
myrosinase-like activity.!!

Sulforaphane has antioxidant, anti-diabetic,
antineoplastic and anti-inflammatory properties as shown
by previous studies. Sulforaphane has function as
suppressor of the MALP-2-induced inflammatory
response, not only by inhibiting the expression of
cytokines and induction of hemeoxygenase-1 (HO-1) but
also by diminishing NF-xB activation in cultured
monocytes and the lungs of mice.*

Sulforaphane can correct the side effects of
cyclophosphamide as it decreased the serum TNF-a level

when given before the alkylating agent and regulated
both the hypokalemia and hyponatremia induced by
cyclophosphamide.’®* In  addition, it decreased
cyclophosphamide-induced elevated myeloperoxidase
activity. Sulforaphane also reduced urinary concentration
of nitric oxide possibly through inhibition of inducible
nitric oxide synthase. Prior administration of
sulforaphane before cyclophosphamide increased the
bladder content of adenosine triphosphate. This effect
could possibly emerge because of increased adenosine
triphosphate synthesis.** We aimed in study to investigate
effect of sulforaphane versus cyclophosphamide in
regenerating urinary bladder mucosa.

METHODS
Animals

The present study was carried out using 32 male albino
rats weighing 200-250 gm. Animals were housed in metal
cages at room temperature and good ventilation. Rats
were fed with standard pellets, containing all nutritive
elements. They were provided free access to tap water
and were acclimatized for 1 week prior to treatment. The
animals were kept at temperature of 25+1° and a relative
humidity of 55% with a regular 12 hr light/12 hr dark
cycle.

Experimental design

Rats were randomly divided into four groups, 8 animals
each. Treatment regimens were as such: Group | (control
group): received a single injection of 0.9 % NaCl (normal
saline) (pH: 7.4) through intraperitoneal injection and
olive oil daily in equal volumes. Group Il (sulforaphane
group): the rats were administered sulforaphane at a dose
of 5 mg/kg for consecutive 5 days and then 0.9% saline
injection through intraperitoneal injection.’®> Group Il
(cyclophosphamide group): the rats received 0.9% saline
injection through intraperitoneal injection for
consecutive 5 days and a single dose of
cyclophosphamide (200 mg/kg) on the six day.'® Group
IV (Sulforaphane and cyclophosphamide): the rats
received sulforaphane at a dose of 5 mg/kg for
consecutive 5 days and a single dose of
cyclophosphamide 200 mg/kg on the six day. On the
seventh day of experiment, the animals were sacrificed
under anesthesia and urinary bladder samples were
dissected for histopathological, immunohistochemical
investigations and electron microscopic studies.

Drugs

Cyclophosphamide: Cyclophosphamide (Cytoxan) or
Endoxan® 500 mg vial, (Eczacibagi Baxter, Turkey) is a
nitrogen mustard derivative was supplied as vials from
Baxter oncology (Dusseldorf, Germany) (Sigma, St,
Louis, Mo, USA).
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Sulforaphane:  Sulforaphane  (Glucosinolate)  was
purchased as orange-yellow powder from Fluka chemical
Co. (Steinheim, Germany) dissolved or diluted in 0.9%
sterile saline.

Animals were sacrificed by deep anesthesia using
isoflurane inhalation. Urinary bladder was dissected out
for the different investigations which described below.
Histopathological immuno-
histochemical study

investigation  and

The removed bladder was fixed in 10% neutral buffered
formaldehyde for 24 h before the histopathological study,
followed by dehydration by passing through an
increasing concentration of ethyl alcohol series (70%,
80%, 90%, and 96%, respectively), after they had been
washed under tap water. Once they became light
permeable in xylol, the tissues were blocked by being
passed through liquid paraffin. Serial sections of 4-5 m
thickness were taken with the aid of microtome, their
histopathological examination being performed under
hematoxylin-eosin  Thus, a few digital images
representing the groups were obtained for an assessment
of urinary bladder tissue morphology and observation of
inflammatory cell invasion. Stained tissue sections were
examined under light microscope at 20X magnification.6

For immunohistochemistry (IHC) staining, the sections
were dewaxed (xylene, 4x3 min), rehydrated (100%
ethanol, 4x1 min, 70% ethanol, 1 min, distilled water,
3x1 min), and then heat-induced antigen retrieval was
used as previously reported.’” Then endogenous
peroxidase was blocked with 3% hydrogen peroxide at
room temperature (10 min), and sections were washed
with distilled water (2x5 min) and PBS (5 min). The
sections were then incubated with 200-300 pL of
blocking solution (5% bovine serum albumin, BSA) in a
room-temperature humidity cabinet (1 h). Immediately
after removing the blocking solution, the sections were
incubated with primary antibody for Caspase3 at 4°C
overnight. The sections were washed with PBS (3x5 min)
the next day and treated with secondary antibodies for 30
min. Immediately after washing the sections with PBS
(3x5 min), they were stained with diaminobenzidine and
then washed with distilled water (5 min) and
counterstained with hematoxylin.*8

Electron microscopic studies

According to Kim et al transmission electron microscopy
was used to examine the urinary bladder ultrastructure.®
The urinary bladder tissues biopsy specimens were fixed
with 2.5% glutaraldehyde in 0.1 M phosphate buffer (pH
7.4) overnight at 4°C for at least 1 hour, then
subsequently post-fixed with 1% osmium tetroxide/0.1 M
cacodylate buffer for 1 h at room temperature. After
dehydration in graded ethanol, the tissues were washed 3
times in propylene oxide, and embedded in in Spurr’s
resin. Ultrathin sections of 70-80 nm were cut on a Leica

Ultracut R ultramicrotome, collected on formvar-coated
single slot grids, and examined The obtained ultra-thin
sections (60-80 nm thick) were mounted on copper grids,
stained with uranyl acetate and lead citrate, and inspected
with JEM-2200 FS transmission electron microscope
(JEOL-JEM-100 SX electron microscope, Japan, at
electron microscope unit, Mansoura faculty of medicine)
Urothelium cell layer numbers, the integrity of umbrella
cells, and anchoring junctions were investigated.

RESULTS
Light microscopic study

Histopathological investigation of sections of control
animals and those treated with sulforaphane showed
normal architecture of mucosa of the urinary bladder. It
was lined by a multilayered transitional epithelium
(urothelium) and composed of tightly packed cells
arranged in 4-5 layers. Thickened plasma membrane of
the luminal surface of the superficial cells was noted. The
basal cells rested on basement membrane which
separated cells from lamina propria. Lamina propria was
formed of dense connective tissue (Figure 1A and B).

The mucosa Urinary bladder of animal treated
cyclophosphamides (CP) showed features of degenerated
and ulcerated lesions of the epithelial lining associated
with hemorrhage. Some superficial cells showed
cytoplasmic vacuolization cells. The lamina propria
showed dilated congested blood capillaries surrounded by
perivascular cellular infiltration (Figure 1C). While the
mucosa of urinary bladder of animal treated with both
cyclophosphamides and sulforaphane showed marked
decrease of the degenerative and vascular lesions of the
epithelial lining (Figure 1D).

Immunohistochemical study

In control group and sulforaphane injected group, active
mild caspase-3-positive cells were detected within the
epithelial lining (Figure 2A and B). While in Urinary
bladder of animal treated with cyclophosphamides there
was marked caspase 3 expression with positive cells
appearing within the ulcerated epithelial lining (Figure
2C), animal treated with both cyclophosphamides and
sulforaphane showing marked decrease of caspase 3
expression within the epithelial lining (Figure 2D).

Electron microscopic study

The bladder urothelium in group | (control) was compact
and made up of a superficial cell layer facing the lumen
of the bladder with large furrowing nucleus and
numerous fusiform vacuoles. Also 1 or 2 layers of
intermediate cells with intact organelles were seen
(Figure 3A). While in sulphorfane treated group,
degenerated mucosal cells with degeneration of cellular
organelles was also detected. The mitochondria were
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vacuolated with loss of tight junction. Also, basal cells
were necrotic with pyknotic nucleus (Figure 3B).

In cyclophosphamide treated group: TEM of urinary
bladder — mucosa showed  degenerated  swollen
intermediate cells with dilation and loss of many
cytoplasmic organelles. There was necrotic mucosal
urinary bladder cell with pyknotic, shrunken nucleus and
damage. Vacuolation of most cytoplasmic organelles

with loss of desmosomes or tight junction were also seen
(Figure 3-C1-3).

While the mucosa of urinary bladder of animal treated
with both cyclophosphamides and sulforaphane TEM
showed sloughing of the mucosal cell membrane. Most
mucosal cells appear intact with nearly normal nucleus
and intact organelles (Figure 3D).

Figure 1: (A) A photomicrograph of a control rat urinary bladder, of normal multilayered transitional epithelium
(arrowhead), thickened irregular plasma membrane of luminal surface of superficial cells is seen (arrow). The
lamina propria (LP) is a dense connective tissue layer. (B) A photomicrograph of sulforaphane treated rat urinary
bladder showing normal transitional epithelial lining, (arrowhead), and thickened irregular plasma membrane of
the luminal surface of superficial cells is seen (arrow). The lamina propria (LP) is a dense connective tissue layer
(C) A photomicrograph of cyclophosphamides-treated rat urinary bladder showing features of degenerated and
ulcerated lesions of the epithelial lining (star) associated with hemorrhage (arrowhead). Some superficial cells show
cytoplasmic vacuolization cells (thin arrows). Note the dilated congested blood capillaries (V) and perivascular
cellular infiltration (dotted arrow) in the lamina propria (LP). (D) A photomicrograph of a cyclophosphamides and
sulforaphane treated rat urinary bladder of marked decrease of degenerative and vascular lesions of the epithelial
lining (arrowhead), H and E staining, X200.

Figure 2: (A) A photomicrograph of control rat urinary bladder showing mild caspase 3 expression within the
epithelial lining. (B) A photomicrograph of sulforaphane treated rat urinary bladder showing mild caspase 3
expression within the epithelial lining. (C) A photomicrograph of cyclophosphamides-treated rat urinary bladder
showing marked caspase 3 expression within the ulcerated epithelial lining (arrow). (D) A photomicrograph of a
cyclophosphamides and sulforaphane treated rat urinary bladder showing marked decrease of caspase 3 expression
within the epithelial lining. Cleaved caspase 3 antibody, X200.
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Figure 3: (A) An electron microscope photomicrograph revealing the ultrastructure of the urinary bladder of
control group rat with normal intermediate cells (I) with intact organelles. Normal superficial cells (S) facing the
lumen (L) with large furrowing nucleus and numerous fusiform vacuoles (V). (B) An electron microscope
photomicrograph of the ultrastructure of the urinary bladder of ulforaphane treated rat showing degenerated
mucosal cells with numerous dilated mitochondria (thin arrow) and loss of tight junction (thick arrow). Basal cells
appear necrotic with pyknotic nucleus (star) (C) An electron microscope photomicrograph of the ultrastructure of
the urinary bladder of cyclophosphamides-treated rats showing degenerated swollen intermediate cells with
dilation and loss of many cytoplasmic organelles (astrix). (C1) showing necrotic mucosal urinary bladder cell with
pyknotic, shrunken nucleus (thick arrow) and damage, vacuolated of most cytoplasmic organelles (arrows) (C2)
loss of desmosomes or tight junction (irregular arrow) (C3). (D) An electron microscope photomicrograph of the
ultrastructure of the urinary bladder of a cyclophosphamides and sulforaphane treated rat of sloughing of the
mucosal cell membrane (arrow). Most mucosal cells appear intact with nearly normal nucleus and intact organells.
B and C2, 3: bar size=5 um, A, D and C1: bar size=10 pm

DISCUSSION

Cyclophosphamide (CYP) is an alkylating agent that is
widely used as an antineoplastic and immunosuppressive
medications but causes oxidative systemic harm. One of
them is hemorrhagic cystitis, causing dysuria, urinary
frequency, urgency, and abdominal pain.??°

In our study, histopathological features of the urinary
bladder mucosa of cyclophosphamides treated animal
(CP) showed degenerated and ulcerated lesions of the
epithelial lining associated with hemorrhage. Some
superficial cells showed cytoplasmic vacuolization cells.
These results agreed with Zirak, et al who found severe
edema and hemorrhage in the bladder as well as
hematuria.?® In addition, after an acute CYP
administration at a dose of 200 mg/kg Wrobe et al
observed an increased urothelium thickness and bladder
edema (measured by bladder permeability).??

In the present study, the lamina propria showed dilated
congested blood capillaries surrounded by perivascular
cellular infiltration. This in a line with Auge et al who
detected edema in the lamina propria and focal urothelial
the urinary bladder injury after administration of CYP.%

Our findings are generally consistent with observations
made by other authors, who showed that CYP given to
rats only once caused an increase in urinary bladder
weight, urinary bladder wall thickness, edema,
hemorrhage.?*

Although the mechanism of cyclophosphamide-induced
hemorrhagic cystitis is not understood, it has been shown
that oxidative stress plays an important role in this
pathology.®

Several lines of evidence have shown that inflammation
plays a central role in the pathophysiology of
hemorrhagic cystitis triggered by cyclophosphamide.
cyclophosphamide increased the pro-inflammatory
cytokines identified by Zirak et al.?* Such as TNF-a and
oxidative stress marker like MDA in the bladder.

Its cytotoxic metabolites: phosphor-amide mustard and
acrolein may be attributed to the mechanism through
which CYP induces tissue harm. Phosphor-amide
mustard has antineoplastic effect whereas acrolein, is a
highly reactive metabolite that induce the urotoxic and
immunotoxic effects of CYP to cause oxidative stress.?
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First the direct adverse effect of acrolein to tubular
epithelium and urinary bladder epithelium and secondly
the increased development of free oxygen radicals by
intracellular phosphor-amide mustard are the cellular
mechanisms for CYP toxicity from Abraham et al.?®

In the present study the mucosa of urinary bladder of
animal treated with both cyclophosphamides and
sulforaphane showed marked decrease of the
degenerative and vascular lesions of the epithelial lining.
This improvement may be due to antioxidant effect of
sulforaphane as mentioned by Ruhee et al who reported
the antioxidant defense system of sulforaphane through
the Nrf2/HO-1 signaling pathway, on acute exhaustive
exercise-induced inflammation.?’

Khaleel et al suggested that Nrf2 activation plays a
critical role in mediating the protective effect of
sulforaphane.®

Sulforaphane (SFN) is an isothiocyanate abundant in
cruciferous vegetables and, for a variety of diseases based
on previous in vivo and in vitro studies, has been shown
to be antioxidant via Nrf2 and can indirectly act as an
antioxidant.?**°  Furthermore, in Helicobacter pylori-
infected mice and in cultured cells Yanaka observed the
protective effects of SFN against oxidative stress in Gl
cells.t

In addition, Wakabayashi et al and Fahey et al have
thoroughly researched the mechanisms for the
detoxification effects of SFN by induction of
cytoprotective, antioxidant, and anti-inflammatory
enzymes Via the transcription factor Nrf2, which activates
the genes that control these endogenous protective
responses. 3232

Imbalance of Apoptosis is associated with the
pathogenesis of many diseases.3 Shie et al found increase
bladder epithelial apoptosis in case of BPS/IC have
urinary bladder.® Caspase-3 antibodies serve as excellent
biomarkers to monitor induction of apoptosis.3®

In the present study there was marked expression of
caspase 3 with positive cells appearing within the
ulcerated epithelial lining in urinary bladder of animal
treated with cyclophosphamides. In agreement, with Luo
et al who found that expression of two pro-apoptotic
markers was significantly higher in the bladder of the IC
group.® In addition, Ayhanci et al detected high caspase-
3 levels in transient epithelium of the bladder treated with
cyclophosphamide.® This cellular necrosis may be due to
protein denaturation, oxidative DNA damage through
changes of mitochondrial membrane potential, release of
cytochrome C, and activation of the caspase cascade.®’

TEM of urinary bladder mucosa in cyclophosphamide
treated group showed degenerated swollen intermediate
cells with dilation and loss of many cytoplasmic
organelles. There was necrotic mucosal urinary bladder

cell with pyknotic, shrunken nucleus and damage.
Vacuolation of most cytoplasmic organelles with loss of
desmosomes or tight junction were also seen.

These results were coincided with Jezernik et al who
found that apoptotic cells were appearing in the basal,
intermediate and superficial layer of the urothelium from
12 h until 24 h after CP administration.®

The result of this study was also in agreement with Taha
et al who observed necrosis, widening of the intercellular
gaps with poorly formed junctional complexes,
cytoplasmic vacuolization of superficial cells was also
noticed in the superficial epithelial cells in CP treated
group.¥

In The present study, animal treated with both
cyclophosphamides and sulforaphane showing marked
decrease of caspase 3 expression within the epithelial
lining and TEM Showed sloughing of the mucosal cell
membrane. Most mucosal cells appear intact with nearly
normal nucleus and intact organelles. This indicates the
protective properties of SFN and it has anti apoptotic
effect as mentioned by Tortorella et al.*

Guerrero-Beltran et al found that SFN decrease the
proapoptotic pathways and inflammation and by
promoting activation of prosurvival mechanisms.*

On the other hand, a study in mesenchymal stem cells
found that SFN, at low concentrations, protected cells
against induced oxidative stress. While high SFN
concentrations caused cytotoxicity and DNA damage.*?

CONCLUSION

The present study revealed that CP induced destruction of
rat urothelium accompanied not only by necrosis but also
by apoptosis. These pathological changes can be
prevented by SFN who has antioxidant, anti-
inflammatory and antiapoptotic effect which prevent
complication of the chemotherapy.

ACKNOWLEDGEMENTS

Authors would like to thanks to the staff of pathology
department, university of Mansoura, Egypt.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
institutional ethics committee

REFERENCES

1. Mills KA, Chess-Williams R, McDermott C. Novel
insights into the mechanism of cyclophosphamide-
induced bladder toxicity: chloroacetaldehyde’s

International Journal of Scientific Reports | April 2021 | Vol 7 | Issue 4 Page 212



10.

11.

12.

13.

14.

15.

Elsisy RA et al. Int J Sci Rep. 2021 Apr;7(4):207-214

contribution to urothelial dysfunction in vitro.
Archives of toxicol. 2019;93(11):3291-303.

Korkmaz A, Topal T, Oter S. Pathophysiological
aspects of cyclophosphamide and ifosfamide induced
hemorrhagic cystitis; implication of reactive oxygen
and nitrogen species as well as PARP activation. Cell
biology and toxicol. 2007;23(5):303-12.

Emadi A, Jones RJ, Brodsky RA. Cyclophosphamide
and cancer: golden anniversary. Nature reviews Clin
oncol. 2009;6(11):638.

Takagi K. Long-term oral low-dose
cyclophosphamide-induced  hemorragic  cystitis
which was successfully treated by ureterostomy: a
case report. Hinyokika Kkiyo. Acta urologica
Japonica. 2012;58(12):687-90.

Tanaka T. Severe hemorrhagic cystitis caused by
cyclophosphamide and capecitabine therapy in breast
cancer patients: two case reports and literature
review. Case rep oncol. 2019;12(1):69-75.

Martin SEI. Incidence and Morbidity of Radiation-
Induced Hemorrhagic Cystitis in Prostate Cancer.
Urol. 2019;131:190-5.

Davis M. Severe cyclophosphamide-induced
haemorrhagic cystitis treated with hyperbaric
oxygen. NZ Med J. 2011;124(1340):48-54.

Sun W, Shahrajabian MH, Cheng Q. Anise
(Pimpinella anisum L.), a dominant spice and
traditional medicinal herb for both food and
medicinal purposes. Cogent Biol.
2019;5(1):1673688.

Shahrajabian MH, Sun W, Cheng Q. Chinese star
anise (Micium verum) and pyrethrum
(Chrysanthemum  cinerariifolium) as  natural
alternatives for organic farming and health care-A
review. Aus J Crop Sci. 2020;14(03):517-23.

Tang L. Total isothiocyanate yield from raw
cruciferous vegetables commonly consumed in the
United States. J functional foods.
2013;5(4):1996-2001.

Angelino D. Myrosinase-dependent and—independent
formation and control of isothiocyanate products of
glucosinolate  hydrolysis.  Frontiers plant sci.
2015;6:831.

Liu Y. Anti-nociceptive and anti-inflammatory
effects of sulforaphane on sciatic endometriosis in a
rat model. Neurosci letters. 2020;723:134858.
Reyes-Gordillo K, Segovia J, Shibayama M, Vergara
P, Moreno MG. Curcumin protects against acute
liver damage in the rat by inhibiting NF-xB,
proinflammatory cytokines production and oxidative
stress. Biochimica et Biophysica Acta (BBA)-
General Subjects. 2007;1770(6):989-96.

Deguchi Y, Andoh A, Inatomi O, Yagi Y, Bamba S,
Araki Y. Curcumin prevents the development of
dextran sulfate sodium (DSS)-induced experimental
colitis. Dig dis sci. 2007;52(11):2993-8.

Keles I, Bozkurt MF, Cemek M, Karalar M, Hazini
A et al. Prevention of cyclophosphamide-induced
hemorrhagic cystitis by resveratrol: a comparative

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

experimental study with mesna. Int urol nephrol.
2014;46(12):2301-10.

Ayhanci A, Tanriverdi DT, Sahinturk V, Cengiz M,
Appak-Baskoy S. Protective effects of boron on
cyclophosphamide-induced bladder damage and
oxidative stress in rats. Biological trace element res.
2019:1-8.

Yamashita S, Katsumata O. Heat-induced antigen
retrieval in immunohistochemistry: mechanisms and

applications.  Histochem  Single  Molecules.
2017;147-61.
Luo J. Chlorogenic acid attenuates

cyclophosphamide-induced rat interstitial cystitis.
Life sci. 2020;254:117590.

Kim A. Histopathological characteristics of
interstitial cystitis/bladder pain syndrome without
Hunner lesion. Histopathol. 2017;71(3):415-24.
Olayinka ET. Ameliorative effect of gallic acid on

cyclophosphamide-induced oxidative injury and
hepatic ~ dysfunction in rats. Medi  Sci.
2015;3(3):78-92.

Zirak MR. Tropisetron ameliorates

cyclophosphamide-induced hemorrhagic cystitis in
rats. Eur J Pharmacol. 2020;883:173310.

Wrdbel A. Intravesical administration of blebbistatin
prevents cyclophosphamide-induced toxicity of the
urinary bladder in female Wistar rats. Neurourol
urodynamics. 2019;38(4):1044-52.

Augé C, Gamé X, Vergnolle N, Lluel P, Chabot S.
Characterization and validation of a chronic model of
cyclophosphamide-induced interstitial
cystitis/bladder pain syndrome in rats. Frontiers
Pharmacol. 2020;11:1305.

Augé C, Gamé X, Vergnolle N, Lluel P, Chabot S.
Relevance of the cyclophosphamide-induced cystitis
model for pharmacological studies targeting
inflammation and pain of the bladder. Eur j
pharmacol. 2013;707(1-3):32-40.

Abraham P, Rabi S, Selvakumar D. Protective effect
of aminoguanidine against oxidative stress and
bladder injury in cyclophosphamide-induced
hemorrhagic cystitis in rat. Cell Biochemistry and
Function: Cellular Biochem And Modulation Active
Agents Dis, 2009. 27(1): p. 56-62.

Tasdemir S, Tasdemir C, Vardi N, Ates B, Taslidere
E, Karaaslan MG et al. Effects of ozone therapy on
cyclophosphamide-induced urinary bladder toxicity
in rats. Clin Investigative Med. 2013;E9-17.

Ruhee RT, Ma S, Suzuki K. Protective effects of
sulforaphane on exercise-induced organ damage via
inducing antioxidant defense responses.
Antioxidants. 2020;9(2):136.

Khaleel SA, Raslan NA, Alzokaky AA, Ewees MG,
Ashour AA, Abdel-Hamied HE et al. Contrast media
(meglumine diatrizoate) aggravates renal
inflammation, oxidative DNA damage and apoptosis
in diabetic rats which is restored by sulforaphane
through Nrf2/HO-1 reactivation. Chemico-biological
interactions. 2019;309:108689.

International Journal of Scientific Reports | April 2021 | Vol 7 | Issue 4 Page 213



29.

30.

31.

32.

33.

34.

35.

36.

37.

Elsisy RA et al. Int J Sci Rep. 2021 Apr;7(4):207-214

Choi BH, Kang KS, Kwak MK. Effect of redox
modulating NRF2 activators on chronic kidney
disease. Molecules. 2014;19(8):12727-59.

Houghton CA, Fassett RG, Coombes JS.
Sulforaphane and other nutrigenomic  Nrf2
activators: can the clinician’s expectation be matched
by the reality? Oxidative med cellular longevity.
2016;2016.

Yanaka A. Role of sulforaphane in protection of
gastrointestinal tract against H. pylori and NSAID-
induced oxidative stress. Curr Pharmaceutical
Design. 2017;23(27):4066-75.

Wakabayashi N, Dinkova-Kostova AT, Holtzclaw
WD, Kang M, Kobayashi A, Yamamoto M et al
Protection against electrophile and oxidant stress by
induction of the phase 2 response: fate of cysteines

of the Keapl sensor modified by inducers.
Proceedings National Acad Sci.
2004101(7):2040-45.

Fahey JW, Kensler TW. Role of dietary
supplements/nutraceuticals  in chemoprevention
through induction of cytoprotective enzymes.

Chemical res toxicol. 2007;20(4):572.

Jin Z, El-Deiry WS. Overview of cell death signaling
pathways. Cancer biol therapy. 2005;4(2):147-71.
Shie JH, Liu HT, Kuo HC. Increased cell apoptosis
of urothelium mediated by inflammation in
interstitial ~ cystitis/painful ~ bladder  syndrome.
Urology. 2012;79(2):484.

Porter A, Jaenicke RU. Emerging roles of caspase-3
in apoptosis. Cell Death Differ. 1999;6:99-104.

Kim SH, Kim SH, Lee C, Ko JW, Moon C, Ho S et
al. Diallyl disulfide prevents cyclophosphamide-
induced hemorrhagic cystitis in rats through the
inhibition of oxidative damage, MAPKSs, and NF-xB
pathways. Biomolecules therapeutics.
2015;23(2):180.

38.

39.

40.

41.

42.

Jezernik K, Romih R, Mannherz HG, Koprivec D.
Immunohistochemical detection of apoptosis,
proliferation and inducible nitric oxide synthase in
rat urothelium damaged by cyclophosphamide
treatment. Cell Biol Int. 2003;27(10):863-9.

Taha NR, Amin HA, Sultan AA. The protective
effect of Moringa oleifera leaves against
cyclophosphamide-induced urinary bladder toxicity
in rats. Tissue Cell. 2015;47(1):94-104.

Tortorella SM, Royce SG, Licciardi PV, Karagiannis
TC. Dietary sulforaphane in cancer
chemoprevention: the role of epigenetic regulation
and HDAC inhibition. Antioxidants redox signaling.
2015;22(16):1382-424.

Guerrero-Beltran CE, Mukhopadhyay P, Horvéth B,
Rajesh M, Tapia E, Garcia-Torres 1, et al.
Sulforaphane, a natural constituent of broccoli,
prevents cell death and inflammation in nephropathy.
J nutritional biochem. 2012;23(5):494-500.
Zanichelli F, Capasso S, Di Bernardo G, Cipollaro
M, Pagnotta E, Carteni M, et al. Low concentrations
of isothiocyanates protect mesenchymal stem cells
from oxidative injuries, while high concentrations
exacerbate DNA damage. Apoptosis.
2012;17(9):964-74.

Cite this article as: Elsisy RA, Taha MF, Sonpol
HMA, Baokbah TAS, Abdelkareem MA, Farage AE.
Acute effect of cyclophosphamide on rat’s urinary
bladder and the possible protective role of
sulforaphane: a histological and ultrastructural study.
Int J Sci Rep 2021;7(4):207-14.

International Journal of Scientific Reports | April 2021 | Vol 7 | Issue 4 Page 214



