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Abstract Cyclophosphamide (CP) is widely used, alone
or in combination with other chemotherapeutic agents,
for treatment of neoplastic diseases. Its urotoxicity may
cause dose-limiting side-effects, for example hemorrhagic
cystitis. The agent most often used to prevent this side-
effect is mesna (2-mercaptoethane sulfonate). Overpro-
duction of reactive oxygen species during inflammation is
one reason for possible urothelial injury. The aim of this
study was to evaluate whether combinations of quercetin
and epigallocatechin 3-gallate (EGCG), flavonoid an-
tioxidants and mesna could prevent cystitis induced by
cyclophosphamide, better than mesna alone. A total of
38 male Sprague–Dawley rats were divided into five
groups. Four groups received single dose of CP
(100 mg kg�1) intraperitoneally at the same time. Group
2 received CP only, group 3 received mesna
(3·21.5 mg kg�1), group 4 received a single dose of me-
sna+EGCG (2·20 mg kg�1), and group 5 received a
single dose of mesna+quercetin (2·20 mg kg�1), before
and after CP injection. Group 1 (not treated) served as
control. CP injection alone resulted in severe cystitis.
Mesna resulted in some, but not full, protection against
CP toxicity. Quercetin and catechine, together with me-
sna, resulted in full protection against CP toxicity, on the

basis of histopathology of the urinary bladder. It was
concluded that oxidants might be important in the
pathogenesis of CP-induced cystitis, and that flavonoid
antioxidants, used in addition to mesna, may help to
ameliorate bladder damage.
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Introduction

Cyclophosphamide (CP) is used, alone or in combina-
tion with other drugs, for treatment of neoplastic dis-
eases (Levine and Richie 1989). Hemorrhagic cystitis
(HC) is a major dose-limiting side-effect of CP (West
1997). The incidence of this side-effect is related to
dosage and can be as high as 75% in patients receiving a
high intravenous CP dose. The urological side-effects
vary from transient irritative voiding symptoms,
including urinary frequency, dysuria, urgency, sup-
rapubic discomfort, and stangury with microhematuria,
to life-threatening HC (Gray et al. 1986). Bladder
fibrosis, necrosis, contracture, and vesicoureteral reflux
and a 4% mortality rate among patients with massive
bladder hemorrhage have also been reported (Levine
and Richie 1989; West 1997). The urotoxicity of these
nitrogen mustard group cytostatics is not based on di-
rect alkylating activity but on the formation of renally
excreted 4-hydroxy metabolites, in particular acrolein
(Kurovski and Wagner 1997).

Mesna contains a sulfhydryl compound that binds
acrolein within the urinary tract and detoxifies it; the
resulting inert thioether does not induce damage to the
uroepithelium (Goren et al. 1997; Kurovski and Wagner
1997). Although mesna has been widely used as an agent
against CP-induced cystitis, significant HC, defined as
an episode of symptomatic (burning, frequency, and
dysuria), microscopic, or macroscopic hematuria, has
been encountered clinically (West 1997).
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It has recently been shown that increasing nitric oxide
(NO) production is involved in the detrimental effects of
CP on the bladder (Korkmaz et al. 2003; Oter et al.
2004; Ribeiro et al. 2002). This toxicity is probably re-
lated to reactive nitrogen species (RNS), in particular a
peroxynitrite (ONOO�), overproduction by reaction of
NO with superoxide (O2

.�) which is associated with
inflammation (Szabo 1996). The overproduction of
reactive oxygen species (ROS) and RNS during inflam-
mation leads to considerable oxidant stress, cellular in-
jury, and necrosis via several mechanisms including
peroxidation of membrane lipids, protein denaturation,
and DNA damage (Virag et al. 2003).

The antioxidative defense system includes enzymes
such as superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx) (Mates et al. 1999), and
non-enzyme antioxidants, for example carotenoids (Cu-
zzocrea and Reiter 2001) and flavonoids (Pietta 2000).
These agents are key elements in reducing molecular
damage by reactive oxygen and nitrogen species, and
there is extensive literature describing these actions.

Because detoxifying acrolein with mesna does not
remove HC symptoms completely, and NO has been
shown to be involved in the pathogenesis, CP-induced
HC is probably not only because of direct contact of
acrolein with the bladder mucosa but also related to
increased ROS and RNS production. In this study we
examined whether flavonoid antioxidants together with
mesna give better results than mesna alone in preventing
CP-induced bladder damage.

Materials and methods

Animals

A total of 38 male Sprague–Dawley rats weighing 190–
220 g were divided into five groups by randomization.
Animals were given food and water ad libitum.

The drug administration schedule is presented in
Table 1.

Experimental induction of HC

The animals were given a urotoxic dose of 100 mg kg�1

CP (Sigma–Aldrich, Taufkirchen, Germany; C0768) in

2 mL saline. Group 1 animals were injected with the
same amount of saline, as controls.

Mesna and antioxidant administration

Mesna (Sigma–Aldrich; M1511; 21.5 mg kg�1) was
administered 20 min before CP injection, and continued
every 4 h for a total of three doses (total dose
64.5 mg kg�1). In groups 4 and 5, epigallocatechin 3-
gallate (EGCG) (Cayman, Ann Arbor, MI, USA;
70935) and quercetin (Sigma–Aldrich; Q0125), were gi-
ven instead of two doses of mesna (2·20 mg kg�1 for
both). All drug administration was performed intraper-
itoneally (i.p.) as shown in Table 1.

Tissue preparation

After 24 h of cystitis induction, rats were sacrificed using
high-dose i.p. injection of ketamine hydrochloride
(85 mg kg�1) and xylazine hydrochloride (12.5 mg kg�1)
to prevent inadvertent bladder puncture. The bladders
were removed intact, evacuated of residual urine, cleaned
to remove connective and lipoid tissue from around the
wall, and weighed to determine if edema was present. The
bladders were then cut into two equal pieces from the
dome to the bottom. One-half was stored at �80�C to
measure bladder malondialdehyde (MDA); the rest was
fixed for 24 h in 10% buffered formaldehyde. Tissues
were embedded in paraffin and at least four cross-sec-
tions 4–5 lm thick were taken from each bladder and
stained with hematoxylin–eosin. Histopatological
examination was performed by a pathologist and a his-
tologist in single blind fashion and scored for edema,
hemorrhage, and inflammation on a scale of 0 (normal)
to 4 (severe changes). Mucosal ulceration was scored as 0
(normal), 1 (epithelial denuding), 2 (focal ulceration), 3
(widespread epithelial ulceration) and 4 (submucosal
ulceration). Bladder MDA was measured as described
elsewhere (Topal et al. 2004).

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 6, 12 and 24 h after CP injection.

Table 1 Cyclophosphamide, mesna, quercetin, and epigallocatechin 3-gallate treatment schedule

Groups Drug exposure

20 min before Cystitis induction 4 and 8 h later

1. Saline Saline (2 mL) Saline (2 mL) 2·Saline (2 mL)
2. CP Saline (2 mL) CP (100 mg kg�1) 2·Saline (2 mL)
3. Mesna (MMM) Mesna (21.5 mg kg�1) CP (100 mg kg�1) 2·Mesna (2·21.5 mg kg�1)
4. Mesna+quercetin (MQQ) Mesna (21.5 mg kg�1) CP (100 mg kg�1) 2·Quercetin (2·20 mg kg�1)
5. Mesna+catechin (MCC) Mesna (21.5 mg kg�1) CP (100 mg kg�1) 2·Catechin (2·20 mg kg�1)
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Statistics

The results are expressed as the median (min–max) and
P<0.05 was assessed as statistically significant. All of
the numeric data were analyzed first by using the non-
parametric Kruskal–Wallis test to discover whether
there was any difference between groups. The Mann-
Whitney U-test was then performed to analyze two
groups consecutively.

Results

The control animals had cytologically normal bladders
with assigned scores of 0 for all four conditions edema,
hemorrhage, inflammation, and ulceration. Severe his-
tologic changes and higher grades of hematuria were
observed for animals receiving CP (group 2) and severe
ulceration and erosion was encountered in four of the
seven bladders, as shown in Fig. 1. No ulceration was
observed in any other slides.

In the treatment group that received mesna only,
statistically significant protection against inflammation

and ulceration was observed, as shown in Table 2
(P<0.05 vs. group 2). Edema and hemorrhage histolo-
gic damage was present (P>0.05 vs. group 2) (Fig. 1).

Addition of quercetin and EGCG resulted in pro-
tection when given with mesna. Moreover, increased
MDA levels in the CP group were significantly reduced
by all treatments (Fig. 2). Nevertheless, flavonoid an-
tioxidants reduced MDA almost to control levels
(P<0.05 for groups 4 and 5 vs. CP, P>0.05 for group 3
vs. CP).

Macroscopic hematuria continued in the CP group
and almost disappeared in the treatment groups espe-
cially in the mesna alone and the mesna+EGCG
groups.

Discussion

Cyclophosphamide, an antineoplastic alkylating agent,
is used to treat neoplastic, immune-mediated, and
transplant-related diseases; HC is a major therapy-lim-
iting side-effect of CP. The main features of HC are
urothelial damage, transmural edema, hemorrhage,

Table 2 Comparison of histologic damage and bladder/body weight (blw/bw) ratio of rat bladders [median (min–max)]

Groups Edema Hemorrhage Inflammation Ulceration blw/bw (mg g�1)

1.Saline 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0) 0.67 (0.53–0.89)
2.CP 4* (3–4) 4* (3–4) 3* (3–4) 4* (3–4) 2.73* (2.54–2.97)
3.Mesna (MMM) 2** (2–3) 1** (1–1) 1** (1–1) 2 (2–3) 0.87* (0.66–1.26)
4.Mesna+quercetin (MQQ) 1.5** (1–2) 0** (0–1) 1** (0–1) 1** (1–1) 0.73** (0.57–1.13)
5.Mesna+catechin (MCC) 1** (0–1) 0.5** (0–1) 0.5** (0–1) 0.5** (0–2) 0.75** (0.55–0.98)

*P<0.05 compared with saline group; **P<0.05 compared with CP group

Fig. 1 Histological picture of
representative bladder walls in
cross section. Saline, normal
bladder; CP, meaningful
edema, leukocyte infiltration,
hemorrhage and severe
epithelial ulceration (H&E,
·100); MMM, significant
protection against
inflammation and ulceration
damage (P<0.05 vs. CP);
meaningful edema and
hemorrhage are easily seen in
this group (P>0.05 vs. CP);
MQQ and MCC, significantly
different from CP group for all
conditions (H&E, ·100 for
both); note that slight edema
and hemorrhage are present in
these treatment groups; there
are no significant histological
differences between MQQ and
MCC. (E epithelial cell layer; L
lumen; U ulceration. CP
cyclophosphamide, MMM
3·mesna, MQQ
1·mesna+2·quercetin, MCC
1·mesna+2·EGCG)
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mucosal ulceration, and epithelial necrosis. These can be
demonstrated within 24 h of a single dose (Gray et al.
1986; Table 2, Fig. 1).

Hemorrhagic cystitis is now accepted as non-micro-
bial inflammation and the pathogenesis of HC may be
summarized as cytokine production leading to iNOS
induction. There is evidence that urinary bladder epi-
thelial cells express reactivity to iNOS in the cytoplasm,
leading to peroxynitrite production (Ribeiro et al. 2002).
Increased NO production is probably responsible for the
cystitis, because S-methylisothiourea (an iNOS-selective
inhibitor) almost abolishes CP-induced bladder damage
(Szabo 1996; Cuzzocrea and Reiter 2001). This
improvement is thought to result from a decrease in NO
production. Nevertheless, in a recent study antioxidants
exerted protective effects on CP-induced bladder damage
when combined with mesna (Yildirim et al. 2004). In
recent studies ternatin, a flavonoid (Vieira et al. 2004),
and berberine, an alkaloid (Xu and Malave 2001), were
demonstrated to have preventive effects against CP-in-
duced hemorrhagic cystitis.

Flavonoids, which are available in common fruits and
vegetables, inhibit enzymes responsible for superoxide
anion production, for example xanthine oxidase (Hana-
saki et al. 1994) and protein kinase C (Ursini et al. 1994).
Flavonoids have also been shown to inhibit cyclooxy-
genase, lipoxygenase, microsomal monooxygenase,

glutathione S-transferase, mitochondrial succinoxidase,
and NADH oxidase, all involved in the generation of
reactive oxygen species (Brown et al. 1998). Beneficial
effects of flavonoids appear in various experimental
models of inflammation (Rotelli et al. 2003).

In this work MDA levels and histopatologic exami-
nation showed that EGCG and quercetin had antioxi-
dant properties. The reason of this may be because it is
not only an antioxidant but also a peroxynitrite scav-
enger (Yokozawa et al. 2004).

In essence, the results of this study suggest that fla-
vonoid antioxidants may help to ameliorate CP-induced
cystitis when combined with mesna. Moreover, a variety
of substances derived from edible plants have also been
shown to have anti-inflammatory, anti-mutagenic, and
anti-cancer properties (Park and Surh 2004). During CP
treatment patients may be encouraged to consume more
fruit and vegetables rich in flavonoids, for example
cranberry, apple, grape, strawberry, peach, lemons, etc.
(Boyer and Liu 2004).
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