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Abstract

Background: Cylophosphamide is used alone or in combina-
tion with other drugs for treatment of neoplastic diseases.
Hemorrhagic cystitis is a mgjor potential toxicity and dose
limiting side effect of cyclophosphamide. The aim of this
study was to evaluate the effects of lycopene compared with
some antioxidants for the prevention of cyclophosphamide
induced hemorrhagic cystitisin rats.

Methods: In this study, male Sparague-Dawley rats divided
into 17 groups of six animals. Group 1 received saline (10
mi/kg, i.p) as normal control, group 2 received cyclophos-
phamide (200 mg/kg, i.p) asa single dose, groups 3-10 received
Mesna (40 mg/kg, i.p), N-acetylcysteine (100 mg/kg i.p), di-
thiotheritol (50 mg/kg, i.p), L-carnitine (200 and 400 mg/kg,
i.p), grape seed extract (500 mg/kg i.p) and lycopene (0.1 and
0.5 mg/kg, i.p) alone. Groups 11-17 received Mesna (40 mg/kg,
i.p), N-acetylcysteine (100 mg/kg, i.p), dithiotheritol (50 mg/kg,
i.p), L-carnitine (400 mg/kg, i.p), grape seed extract (500
mg/kg, i.p) and lycopene (0.1 and 0.5 mg/kg, i.p), 5 minutes
before, and 2 and 6 hours after administration of 200 mg/kg
cyclophosphamide. Pathological and biochemical analysis was
evaluated 24 hours after cyclophosphamide administration.

Results: Mesna and N-acetylcysteine resulted in some but not
full protection against cyclophosphamide toxicity compared to
the controls. Lycopene (0.1 and 0.5 mg/kg) was efficient in
protecting the bladder from cyclophosphamide induced hem-
orrhagic cystitis. However, dithiotheritol, L- carnitine and
grape seed extract did not prevent hemorrhagic cystitis.

Conclusion: Our results suggest that pre and co- treatment of
lycopene (0.1 and 0.5 mg/kg) with cyclophosphamide may
have therapeutic potential to inhibit the hemorrhagic cystitis
by cyclophosphamide.
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Introduction
yclophosphamide (CP) is an alkylating anticancer
{ drug widely used in the treatment of chronic and
acute leukemia, multiple myeloma, and lymphomas.*
CP is also an immunosuppressant and immunomodulator,
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which results in growth retardation and failure
of neurulation. The urological side effects of
CP are major limiting factors for its use. These
side effects include transient irritative voiding
symptoms including dypsia, hemorrhagic cysti-
tis, bladder fibrosis, necrosis, contracture and
vesicometral flux.’

CP also induces a wide toxicity to normal
cells in human and experimental animals. The
mechanisms whereby CP causes toxicity are
poorly understood; however, numerous studies
have shown that CP exposure enhances pro-
duction of intracellular reactive oxygen species
(ROS), suggesting that biochemical and physio-
logical disturbances may result from oxidative
stress.*® CP exerts cytotoxicity by changing the
activities of enzymes and levels of non-enzymic
antioxidants.”*" Recent studies have indicated
that nitric oxide (NO) may play an important role
in the pathogenesis of the cystitis associated
with cyclophosphamide treatment.'? Production
of NO through increased expression of inducible
nitric oxide synthase (iNOS) is an important fac-
tor in cyclophosphamide-induced inflammatory
changes in rat bladder.™

Acrolein is a urinary metabolite of cyclo-
phosphamide that has been reported to be the
causative agent of hemorrhagic cystitis. A di-
rect cytotoxic effect of acrolein, however, has
not yet been demonstrated.*

The role of tissue antioxidants becomes
important in the prevention of such damage.
Recently, there has been increasing interest in
searching for potential drugs of plant origin
capable of minimizing the toxicity induced by
chemotherapy to normal cells without com-
promising its anti-neoplastic activity.

Lycopene, the most prominent carotenoids
in tomato, has attracted considerable interest
for its biological and physicochemical proper-
ties.” Lycopene exhibits the highest overall
single oxygen-quenching carotenoids.™®

Some studies have shown that consump-
tion of tomatoes and processed tomato
products that abundantly contain lycopene
produce increased lycopene blood levels that
may be associated with reduced oxidative
damage to lipids, proteins and DNA.* In re-
cent years, a great interest has emerged con-
cerning the protective biochemical function of
the natural antioxidants contained in dietary
plants that are candidates for prevention or
protection of oxidative damage caused by
free radical species.'®*

In the present study, the effect of lycopene
was compared with other antioxidants on hem-
orrhagic cystitis induced by cyclophosphamide
in rats.

Materials and Methods

Chemicals

Grape seeds (Vitis Vinifera) were collected
from Sardasht (north-west Iran) in late Septem-
ber and it was authenticated by the Botany de-
partment, Shiraz University, Iran. CP and 2-
mercaptoethanesulfonic acid (Mesna) were pur-
chased from Baxter (Germany), lycopene from
Nature’s life larkspur (U.S.A) and other chemi-
cals were obtained from Merck (Germany).

Animals

The male Sprague-Dawley rats (200-250 g)
were obtained from the Laboratory Animals
Research Center of Shiraz University of Medi-
cal Sciences. The rats were housed in envi-
ronmentally (25 °C) and air humidity controlled
room (60%) and kept on standard laboratory
diet and were maintained on a 12-hour light-
dark cycle for one week prior to the experi-
ments. The animals received standard labora-
tory chaw and tap water ad libitum.

Experimental design

In the present study, the rats were randomly
divided into 17 groups of 6 animals. Group 1 re-
ceived normal saline [10 ml/kg, intraperitoneally
(i.p)], group 2 received CP (200 mg/kg, i.p), 0
as a single dose, groups 3-10 received mesna
(40 mg/kg, i.p), N-acetylcysteine (NAC) (100
mg/kg, i.p), dithiothreitol (DTT) (50 mg/kg, i.p),
L-carnitine (200 and 400 mg/kg, i.p), grape
seed extract (GSE; 500 mg/kg, i.p), and lyco-
pene (0.1 and 0.5 mg/kg, i.p). Groups 11-17
received mesna (40 mg/kg, i.p), NAC (100
mg/kg, i.p), DTT (50 mg/kg, i.p), L-carnitine
(400 mg/kg, i.p), GSE (500 mg/kg, i.p), and
lycopene (0.1 and 0.5 mg/kg, i.p), 5 minutes
prior to and 2 and 6 hours after administration
of 200 mg/kg CP. All doses of antioxidants
used in the present study were selected based
upon previous studies. Twenty four hours after
administration of CP (200 mg/kg), the animals
were anesthetized (thiopental, 50mg/kg body
wt, i.p) and euthanized, and the bladders were
collected for biochemical (total tissue levels of
glutathione and malondialdehyde) and histopa-
thological examinations.

Preparation of extract

The seeds of Vitis Vinifera (Nigra) used in
the present study were washed thoroughly un-
der tap water, shade-dried and powdered. The
powder (250 g) was successively extracted
with 1000 ml methanol (80%) overnight with
constant stirring. The filtrate was then concen-
trated and the solvent was evaporated under
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reduced pressure in a rotary evaporator. The
extract yield was 10% (w/v).

Histopathological Studies

Upon removing, the bladders were fixed in
10% formalin for at least 24 hours. The paraffin
sections were prepared (automatic tissue
processor) and cut into 5 pm sections using a
rotary microtome. The sections were stained
with hematoxylin-eosin and studied for histopa-
thological changes. Both macroscopic (edema
and hemorrhage) and microscopic histological
changes were evaluated according to the Gray
et al.” criteria as follows: Edema was consid-
ered sever (3+) when fluid was seen externally
and internally on the wall of the bladder, mod-
erate edema (2+) when confined to the internal
mucosa, mild edema (1+) that scored between
(2+) and (0) and absent (0) when no edema
was observed. Hemorrhage was scored as
follows: (3+) with intravesical clots, (2+) with
mucosal hematomas, (1+) with telangiectasia
or dilatation of the bladder vessels, and (0) or
normal. Histopathology was scored as follows:
(O)=normal epithelium and absence of inflam-
matory cell infiltration and ulceration, (1+)=mild
changes involving reduction of epithelial cells,
flattening with submucosal edema, mild hemor-
rhage and few ulcerations, (2+)=severe
changes including mucosal erosions, inflam-
matory cell infiltration, fibrin deposition, hemor-
rhage, and multiple ulcerations. The semi-
guantitative macroscopic and microscopic ob-
servations are reported as medians and range.

Determination of Lipid Peroxidation

Lipid peroxidation was determined by quan-
tifying malondialdehyde (MDA) concentrations
spectrophotometrically by measuring the opti-
cal density of the red-colored product with
thiobarbituric acid (TBA). Briefly, a portion of
the bladder tissue was combined with 4.5 ml of
0.25 M sucrose, minced and gently homoge-
nized, and centrifuged at 2000 rpm for 30 min.
One tenth of the supernatant was treated with
a buffer containing 0.75 ml of TBA (8.1%
(W/V), 0.75 ml of acetic acid 20% (pH 3.5) and
0.1 ml of sodium dodecylsulfate. The volume of
this solution was brought to 2 ml with water
and the mixture was heated in a boiling water
bath for 60 minutes. The optical density was
measured at 532 nm using a Beckman DU®-7
spectrophotometer.?!

Glutathione Sulfur Hydrogen or Reduced Glu-
tathione (GSH) Determination

Reduced glutathione was determined using
the glutathione reductase 5, 5'-dithiobis-2-
nitrobenzoic acid (DTNB) recycling proce-
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dure.” Briefly, the tissue was homogenized

with a buffer containing EDTA (0.2M) to obtain
4:100 (W/V) whole homogenate. Then 1.5 ml of
the suspension was combined with a buffer con-
taining 2.5 ml of distilled water, 0.5 ml of Tri-
chloroacetic acid (50%), and centrifuged at
3000 rpm for 15 min. One ml of the supernatant
was mixed with Tris buffer solution (0.4 M, pH
8.9) and 0.1 ml of DTNB (0.01 M). The optical
density was measured after 5 min at 412 nm
using a Beckman DU®- 7 spectrophotometer.?®

Statistical Analysis

All values are expressed as meanz standard
error (SEM) of the six samples. Analysis of vari-
ance (ANOVA) followed by Student Newmans-
Keuls test was used to evaluate the significance
of the results obtained. All the computations
were performed using SPSS software version
14. Histological changes were evaluated ac-
cording to the criteria of Gray et al.”

Results

Histopathology

Cystitis observed 24 hours after CP admini-
stration was characterized macroscopically by
the presence of severe edema, receiving a
score of (3+), and by extensive hemorrhage
with mucosal hematomas, receiving a score of
(3+). The cystitis was significantly (P <0.05)
different from the control group that received a
score of (0) for edema and hemorrhage. Mac-
roscopic analysis of the bladder 24 hours after
CP injection revealed that pre-treatments with
mesna, NAC, and lycopene (0.5 mg/kg) signifi-
cantly reduced the analyzed parameters
(table 1). According to Gray’s histopathological
criteria, compared with normal bladders, micro-
scopic analysis of the bladders of rats injected
24 hours before with 200 mg/kg of CP revealed
extensive cystitis characterized by acute in-
flammation with vascular congestion, edema,
hemorrhage with fibrin deposition, neutrophil
infiltration, and epithelial denudation, which
equals a score of (2+). These alterations were
almost abolished by the treatment of the CP-
injected rats with mesna, NAC, and lycopene
(0.5 mg/kg) (1+). No significant differences were
found between lycopene (0.1 mg/kg) with CP
(table 1). No significant differences were found
between all the compounds used except CP,
when compared with controls.

Glutathione Content

Table 2 shows that the bladder glutathione
GSH content was significantly decreased in CP
group, compared with the control group. Grape
seed, DTT and L-carnitine failed to prevent the



Lycopene use to reduce cyclophosphamide-induced hemorrhagic cystitis

Table 1: Histopathological evaluation of the effects of lycopene and some antioxidants on cyclophosphamide-induced hem-

orrhagic cystitis in rats.

Macroscopic analysis

Groups Edema Hemorrhage Microscopic analysis
Control 0 0 0

CP (200 mg/kg) 3+ 3+ 3+

CP+ Mesna (40 mg/kg) 1+ 1+ 1+

CP+NAC (100 mg/kg) 1+ 1+ 1+

CP+DTT (50 mg/kg) 3+ 3+ 2+

CP+ Carnitine (500 mg/kg) 3+ 3+ 2+

CP+ GSE (500 mg/kg) 3+ 3+ 2+

CP+ lycopene (0.1 mg/kg) 2+ 2+ 1+

CP+ lycopene (0.5 mg/kg) 1+ 1+ 1+

0: absent, 1+ mild, 2+ moderate, 3+: severe, CP: Cyclophosphamide, NAC: N-acetylcysteine, DTT: Dithiothreitol,

GSE: Grape seed extract

CP-induced decreases of GSH but lycopene,
NAC, and mesna ameliorated CP-induced de-
creases of GSH (P<0.05). No significant
changes were found in GSH content between
all the compounds used except CP when com-
pared with the controls (P<0.05).

Lipid Peroxidation Content

Table 2 shows that the bladder lipid peroxi-
dation was significantly increased in CP group
when compared with the controls. Grape seed,
DTT and L-carnitine failed to prevent the CP-—
induced increases of MDA concentration.
However, lycopene, NAC and mesna amelio-
rated CP-induced increases of MDA concen-
tration (P<0.05). No significant changes were
found in MDA level between all the compounds
used except CP, when compared with the con-
trols (P<0.05).

Discussion

Development of a non-toxic selective cytopro-
tective agent that preferentially protects normal
tissues from chemotherapy-induced toxicity,
without protecting malignant tissues, repre-
sents a major challenge in cancer chemother-
apy research.

CP undergoes metabolic activation cata-
lyzed by liver cytochrome P450 enzymes to
form 4-hydroxycyclophosphamide that produces

a reactive alkylating agent phosphoramide
mustard via beta eliminates Acrolein.** It has
been suggested that acrolein is responsible for
urinary bladder toxicity of CP.?® High NO level
has been found in CP treated rats.”® The reac-
tion of NO with superoxide results in the gen-
eration of peroxynitrite that may mediate the
pathogenesis of CP-induced cystitis.**

Cystitis observed 24 hours after CP admini-
stration was characterized macroscopically by
the presence of severe edema, hemorrhage
with mucosal hematomas, and intravesical
clots, receiving a score of 3. This score was
found different from the control group that re-
ceived a score of zero for edema and hemor-
rhage. Treatment with mesna and NAC reduced
the intensity of cystitis (table 1) that is consistent
with other studies. Our findings indicate that
lycopene could be a useful compound, com-
pared with dithiothreitol, L- carnitine, and grape
seed extract, in the preventive management of
CP-induced hemorrhagic cystitis.

Malondialdehyde is commonly known as a
marker of oxidative stress and antioxidant
status in cells. CP caused a significant in-
crease in MDA level in the bladder. The oxida-
tive products of CP responsible for elevation of
MDA and generation of ROS result in inflam-
mation, thus disturbing the overall redox cy-
cling of the bladder.”” Increase in MDA con-
centration reported here might be the result of

Table 2: Protective effect of lycopene and some antioxidants against cyclophosphamide- induced hemorrhagic cystitis in rats.

Groups Biochemical Analysis
Meant SEM

MDA (ng / mg tissue) GSH (ug/mg tissue)
Control 0.063+0.001 4.293+0.19
CP (200 mg/kg) 0.228+0.001*** 0.496+0.280***
CP+ Mesna (40 mg/kg) 0.067+0.003tt 3.271+0.170tt
CP+ NAC (100 mg/kg) 0.070£0.003tt 1.989+0.9631
CP+DTT (50 mg/kg) 0.195+0.001 0.438+0.352
CP+ Carnitine (500 mg/kg) 0.130+0.001t 0.499+0.000
CP+ GSE (500 mg/kg) 0.130+0.001t 0.438+0.000
CP+ lycopene (0.1 mg/kg) 0.065+0.001tt 3.554+0.000tt
CP+ lycopene (0.5 mg/kg) 0.068+0.001tt 3.654+0.0331t

*** (P<0.001) significantly different when compared with controls. T (P<0.05), 1 (P<0.01) significantly different when com-

pared with CP alone.
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increased production of free radicals and/or
decrease in antioxidant status (table 2).

GSH is an important biomarker of cellular
antioxidative status. In the urinary bladder, de-
pleted GSH levels resulting from CP treatment
has been reported,?® which is consistent with
our results. Depletion of GSH content may be
attributed to the direct conjugation of CP with
free or protein bound SH groups (table 2).
A number of GSH-elevating compounds have
been found to be effective in reducing CP tox-
icity in animals. Mesna (2-mercaptoethan-
esulfonic acid) that is a thiol containing com-
pound was studied in clinical trials as a systemic
uroprotective agent in the late 1970’s and
shortl;/ became the drug of choice for this pur-
pose. ° However, mesna is not effective when
the lesions have been established. Additionally,
mesna decreases the incidence of cystitis by
about 5%. These findings indicate several
shortcomings for using mesna and favor search
for newer uroprotective agents, esgecially those
with a potential to augment GSH. 0

NAC has been used clinically as an anti-
oxidant in conditions characterized by GSH
depletion and is the drug of choice as an anti-
dote for acetaminoPhen poisoning both in
adults and children.* NAC enhances the bio-
synthesis of GSH by donating the cysteine
that is a precursor.*

Depletion of thiols along with free radical
generation has been implicated in cyclophos-
phamide-induced urotoxicity. S-Allylcysteine,
an organosulfur compound of aged garlic ex-
tract has shown to regulate the thiol status of
the cell and scavenge free radicals.*®

The protection offered by mesna and NAC
against CP-induced bladder damage in the
present study was in accordance with previous
studies.

A number of herbal extracts and their iso-
lated constituents have also shown protective
effect against CP-induced urotoxicity.***®
Quercetin has shown protective effect against
CP-induced hemorrhagic cystitis.*® Antioxi-
dants such as a-tocopherol, B-carotene, epi-
gallocatechin, quercetin and melatonin, have
been shown to protect against bladder damage
when combined with mesna.*’

Recent studies have indicated the potential
health benefits of tomato enriched diets and
tomato products. Tomato is also the main die-
tary source of lycopene, the most prominent
carotenoid in tomatoes and the most potent in
vitro antioxidant among carotenoids.™® Lyco-
pene has been shown a protective effect
against toxicity induced by other anti-tumor
drug.*®*° Lycopene is one of the most potent
antioxidants among the dietary carotenoids
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due to its multiple conjugated double bounds.
Lycopene also has the strongest singlet oxy-
gen-quenching ability compared with other ca-
rotenoids.** Besides quenching singlet molecu-
lar oxygen and peroxyl radicals,* strong inter-
action of lycopene has been shown to occur
with other active oxygen species such as
H,0,,* that generates hydroxyl radicals known
to induce membrane lipid peroxidation and
DNA strand scission.* Our results suggest that
lycopene administration may have therapeutic
effect to inhibit the cyclophosphamide side ef-
fect (tables 1 and 2).

Grape seed extract contains proanthocya-
nidins as well as other natural phenolic com-
pounds and exhibits antioxidant properties.
The antioxidant activity of grape seed extract
makes it a candidate as an additive to foods
and beverages to retard deterioration. It is
possible that the antioxidant activity of grape
seed extract ingested with these foods would
also support physiologic defenses against in
vivo generated free radical species. However,
grape seed extract contain minor amounts
(0.1-1.0%) of quercetin and its glycosides are
substances with suspected mutagenic activ-
ity.* Our results suggest that grape seed ex-
tract, DTT and L-carnitine administration are
unable to inhibit cyclophosphamide-induced
hemorrhagic cystitis. The fact that GSE exhib-
its antioxidant effect in vitro but not in vivo
suggests that these uroprotectant intracellular
concentrations are not great enough to neutral-
ize toxic metabolites within renal tubule cells
(tables 1 and 2).

We suggest that lycopene or tomato extract
supplement might offer a simple inexpensive
method that can be used with cyclophos-
phamide therapy to decrease its side effects.
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