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Abstract Purpose: The aim of this study was to evaluate
whether combination of antioxidants and mesna may
prevent cystitis induced by cyclophosphamide better
than mesna alone. Materials and methods: A total of 46
male Spraque-Dawley rats were divided into six groups.
Five groups received single dose of cyclophosphamide
(CP, 100 mg/kg) intraperitoneally with the same time
intervals: group 2 received CP only, group 3 received
mesna (21.5 mg/kg for three times), group 4 beta-caro-
tene (20 mg/kg for two times) and mesna, group 5
received alpha-tocopherol (20 mg/kg for two times) and
mesna, and group 6 received melatonin (5 mg/kg for two
times) and mesna on the day of CP injection. Group 1
served as control. Results: CP injection resulted in se-
vere cystitis. Mesna has showed meaningful but not full
protection against CP toxicity. Although beta-carotene
did not show any additional beneficial effect when
combined with mesna, alpha-tocopherol and especially
melatonin with mesna resulted full protection that the
pathologist, blinded to the slides, could not differ from
sham control. Conclusion: Oxidants may be important
in the pathogenesis of CP-induced cystitis. Melatonin
and alpha-tocopherol may help to ameliorate bladder

damage along with other drugs such as mesna and
diuretics.
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Introduction

Cyclophosphamide (CP) is in the nitrogen mustard
group of alkylating antineoplastic chemotherapeutic
agents. It is used alone or in combination with other
chemotherapeutic agents for the treatment of many
neoplastic diseases [6]. Hemorrhagic cystitis (HC) is a
major potential toxicity and dose limiting side effect of
CP and ifosfamide, a synthetic analog of CP [19]. The
incidence of this side effect is related to the dosage and
can be as high as 75% in patients receiving a high
intravenous dose. The urological side effects vary from
transient irritative voiding symptoms, including urinary
frequency, dysuria, urgency, suprapubic discomfort, and
stangury with microhematuria, to life-threatening HC
[8]. Bladder fibrosis, necrosis, contracture, and vesico-
ureteral reflux and a 4% percent mortality rate among
patients with massive bladder hemorrhage have also
been reported [6, 19]. The Urotoxicity of these nitrogen
mustard group cytostatics is not based on a direct
alkylating activity on urinary system but the formation
of renally excreted 4-hydroxy metabolites, in particular
acrolein, which is formed from hepatic microsomal
enzymatic hydroxylation [10].

Mesna contains a sulfhydryl compound which binds
acrolein within the urinary collecting system and det-
oxifies it; the resultant inert thioether is passed innocu-
ously in the urine and does not induce any damage to the
uroepithelium [7, 10]. Although mesna has been widely
used as an effective agent against CP-induced cystitis,
significant HC, defined as an episode of symptomatic
(burning, frequency and dysuria), microscopic or mac-
roscopic hematuria, has still been encountered clinically.
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Recently, it has been shown that increasing nitric
oxide (NO) production is responsible for the detrimental
effects of CP on bladder [9, 15, 16]. This toxicity prob-
ably comes from reactive nitrogen species (RNS), in
particular peroxynitrite (ONOO�) overproduction by
reacting NO and superoxide (O2

•�)which appears
abundantly inflammatory area [17]. Moreover it is clear
that, in biological systems the primary source of all RNS
is NO. The overproduction of reactive oxygen species
(ROS) and RNS during inflammation leads to a con-
siderable oxidant stress, cellular injury and necrosis via
several mechanisms including peroxidation of mem-
brane lipids, protein denaturation and DNA damage
[18].

Thwarting the damage inflicted by free radicals and
reactive species is the function of a complex antioxida-
tive defense system. This system includes some enzymes
such as superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GPx) [12] and some of the
most commonly used and experimentally studied non-
enzyme antioxidants, such as b-carotene, a-tocopherol
and melatonin [4]. These agents are key elements in
reducing molecular damage due to reactive oxygen and
nitrogen species and there is extensive literature, which
describes their multiple actions.

Since detoxifying acrolein with mesna cannot
remove HC symptoms completely and NO has been
shown to involve in the pathogenesis, CP induced HC
is probably not only due to direct contact of acrolein
with bladder mucosa but also related to increased ROS
and RNS production. In this study we examined,
whether combination of antioxidants with mesna may
show better result than mesna alone in CP induced
bladder damage.

Materials and methods

Animals

A total of 46 male rats, with body weights of 270–340 g
were divided into six groups by ‘‘simple random sam-
pling method’’ and given food and water ad libitum.
Amount of water consumed by each animal was mea-
sured to avoid the hiperhydrative effect of water. The
Gulhane Military Medical Academy Animal Care and
Use Committee approved the experimental protocol.

Drug administrations

The drug administration schedule is presented in
Table 1.

Experimental induction of HC The animals were given
urotoxic dose of 100 mg/kg CP in 2 ml saline. Group 1
animals were injected with the same amount of saline
and served as control.

Mesna and antioxidants administrations 64.5 mg/kg
mesna was administred 20 min before CP injection, and
continued every 4 h for a total of three equal doses. Beta-
carotene (2·20 mg/kg), alpha-tocopherol (2·20 mg/kg),
melatonin (2·5 mg/kg) were given 12 and 1 h before CP
administration. All injections were performed intraperi-
toneally (i.p.).

Tissue preparation

Twenty-four hours after CP administration, animals
were sacrificed using high i.p. injection of ketamine HCl
and xylazine HCl to prevent inadvertent bladder punc-
ture. The bladders were removed intact, evacuated
residual urine, cleaned from connective and lipoid tissue
around the wall, weighed, and fixed for 24 h in 10%
buffered formalin. Standart paraffin blocks, as well as
hematoxylin and eosin-stained slides, were prepared.
The pathologist, who had no knowledge of which of the
six groups each slide belonged to, rated the mean his-
tologic damage, including ulceration, hemorrhage and
edema, on a scale of 1 (light) to 4 (severe changes).
Normal bladder of control group rated as 0.

Definitions of hematuria

Hematuria was graded on a scale of 0–3 by performing
dip-stick analysis in the urine specimens obtained by
abdominal massage at 6, 12 and 24 h after CP injection.

Statistics

The results are expressed as the median (min–max) and
p<0.05 was assessed as statistically significant. All of

Table 1 Cyclophosphamide,
mesna, b-carotene,
a-tocopherol and melatonin
treatment schedule

Groups Drug administration timing

�12 h �1 h �20 min 0 +4 h +4 h

1. n=7 – – – Saline – –
2. n=7 – – – CP – –
3. n=8 – – Mesna CP Mesna Mesna
4. n=8 b-carotene b-carotene Mesna CP Mesna Mesna
5. n=8 a-tocopherol a-tocopherol Mesna CP Mesna Mesna
6. n=8 Melatonin Melatonin Mesna CP Mesna Mesna
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the numeric data were analyzed first using nonpara-
metric Kruskal–Wallis test to find whether there is dif-
ference between groups and then Mann–Whitney U-test
was performed to analyze two groups consecutively.

Results

The animals in control had cytologically normal blad-
ders with assigned scores of 0 for all three parameters,
namely edema, hemorrhage, and ulceration. Animals
receiving CP (group 2) had shown severe cytologic
changes and higher grades of hematuria. Unscored
cytologic features peculiar to the slides of this group
included mucosal sloughing and hemorrhagic areas
(Figs. 1, 2). Moreover, severe ulceration and erosion had
been encountered in five of seven bladders as shown in
Fig. 3. No ulceration was observed in any other slides.

In treatment group received mesna only, statistically
significant protection was observed for ulceration as
shown in Table 2 (p<0.05 compared with CP), histo-
logic damages were present for edema and hemorrhage
(p>0.05 compared with CP) (Figs. 1, 2).

Addition of beta-carotene to mesna did not show
more significant protection than mesna alone. Alpha-
tocopherol (p<0.05 for hemorrhage compared with
group 3) and melatonin (p<0.05 for hemorrhage and
edema compared with group 3) are both revealed pro-
tective properties along with mesna. Hematuria was
continued in CP group and almost disappeared in
treatment groups.

Discussion

CP, an antineoplastic alkylating agent, is used to treat
neoplastic, immune mediated and transplant related

diseases and its use is likely to increase as new applica-
tions are discovered. HC is a major therapy-limiting side
effect of CP. It is thought to be induced by acrolein, a
cytotoxic metabolite of CP, which is excreted in the
urine. The main futures of HC are urothelial damage,
transmural edema, hemorrhage, mucosal ulceration and
epithelial necrosis which could be demonstrated within
24 h of a single dose [8]. Mucosal sloughing has been
associated frequently with acute and chronic hemor-
rhage. Within the first several hours, epithelial cells in
the superficial mucosal layer of the bladder begin un-
dergo degeneration and necrosis. At 18 h post-injection,
most of the mucosal lining is eroded or ulcerated, and
basal membrane damage is evident with subsequent

Fig. 2 Scale of rat bladder histology for hemorrhage from 1 (+;
light) to 4 (++++; severe) (H&E, approx. 100·) (+ from group
6, ++ from group 5, +++ from group 3 and ++++ from
group 2)

Fig. 1 Scale of rat bladder histology for edema from 1 (+; light) to
4 (++++; severe) (H&E, approx. 100·) (+ from group 6, ++
from group 5, +++ from group 3 and ++++ from group 2)

Fig. 3 Scale of rat bladder histology for ulceration from 1 (+;
light) to 4 (++++; severe) (H&E, approx. 100·) (+ from group
5, ++ from group 4, +++ from group 3 and ++++ from
group 2)

471



damage of the surrounding capillaries. Thereafter,
healing began with evidence of mucosal hyperplasia and
bizarre papillary proliferation. Neovascularisation and
leukocyte infiltration may also be seen following days
[2].

Among various prophylactic and therapeutic mea-
sures to treat HC, mesna showed the most promising
results. Its toxicity is negligible and oxidized to a stable
inactive disulfide within minutes of parenteral adminis-
tration and becomes active when excreted into the urine.
Mesna combines with acrolein in the urine to form an
inert, nontoxic thioester and allows maximum thera-
peutic effect of the alkylating oxazaphosphorine drug. In
addition to neutralizing acrolein, it slows the degrada-
tion of the 4-hydroxy-metobolites of the alkylating agent
[7, 10]. However, although mesna has showed an effec-
tive uroprotection, HC still occurs in 10–40% of mesna-
treated patients.

CP induced HC is now known that NO is involved
the pathogenesis [9] and bladder epithelial cells have also
been shown to express intense reactivity to iNOS in the
cytoplasm leading to peroxynitrite production [16].
Studies suggest that increased NO production, possible
through iNOS activation, is responsible the cystitis since
S-methylisothiourea (iNOS selective inhibitor) almost
abolished bladder damage [15]. In a recent study an-
tioxidants have been shown protective effect on bladder
damage [data not shown]. This histological improve-
ment is thought to be resulted from decreasing ROS and
RNS production.

Over the last few years, the overall picture of the
inflammatory process has been complicated by the po-
tential pathogenetic contribution of ROS and RNS. A
great variety of stimuli such as immune complexes, and
inflammatory cytokines are able to up-regulate expres-
sion and synthesis of iNOS. Furthermore, it is now well
recognized that ROS and RNS may interact with each
other, resulting not only in the induction of further new
reactive species, but above all, in possible changes in the
concentration of these two classes of molecules [1].
There is no doubt that the overproduction of ROS and
the majority of NO produced during inflammation are
converted to peroxynitrite anion [13]. NO is the only
currently known biological molecule produced in
high enough concentrations to react fast enough with

superoxide (forming ONOO�) to outcompete endoge-
nous SOD [3].

The formation of ONOO� may be double edged
sword. First, NO neutralizes a potentially deleterious
species of oxygen radical, the superoxide radical. On the
other hand, the reaction consumes NO and produces a
potentially deleterious metabolite, ONOO�. Inflamma-
tory cells such as PMNs and macrophages, but also
endothelial cells can release superoxide and NO,
potentially leading to peroxynitrite formation. Their
release can be mediated and regulated by several cyto-
kines. It is clear that overproduction or uncontrolled
formation of peroxynitrite is an important factor in the
tissue damaging mechanisms during pathological situa-
tions [1]. There are several experimental reports sug-
gesting the formation of peroxynitrite during the
inflammatory process including ileitis, lung injury, and
endotoxemia via iNOS activation [13].

Results of this study suggest that antioxidants espe-
cially alpha-tocopherol and melatonin may be helpful to
ameliorate CP induced cystitis when combined with
mesna. Moreover both melatonin and vitamin E alone
have also shown protective effect against CP induced
cystitis [unpublished data]. Melatonin is a newly dis-
covered antioxidant and not only itself but also chief
hepatic metabolite of melatonin, namely, 6-hydroxy-
melatonin, is also reportedly an effective free radical
scavenger [11]. A recent study has also shown that
melatonin can directly scavenge the peroxynitrite [5].
Beside this antioxidant action, melatonin is an iNOS
inhibitor [4] and this feature may contribute to beneficial
effects of melatonin against bladder damage. The weaker
protective effect of b-carotene may be due to its limited
antioxidant effect that is, quenching of singlet oxygen
not superoxide anion [14].

In conclusion, a-tocopherol and melatonin amelio-
rated bladder damage possibly through scavenging ROS
and RNS. Since a-tocopherol and melatonin are safe
and cheap, future studies may focus on the efficacy of
antioxidants alone or combination with other thera-
peutic modalities such as mesna and diuretics on HC
caused by CP.
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