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Abstract The effects of Phyllanthus niruri hydroalcoholic
extract and the isolated compounds quercetin, rutin, and
gallic acid were examined in the mouse model of
cyclophosphamide (CYP)-induced hemorrhagic cystitis
(HC). HC was induced by a single CYP injection
(300 mg/kg, IP), and the animals were evaluated 4 and
6 h after. Some animals were orally treated with the
reference compound 2-mercaptoethane sodium sulfonate
(Mesna) 80 mg/kg (30 min before CYP) and 160 mg/kg
(2 h after CYP). Other groups were treated with P. niruri
extract (30 and 50 mg/kg), or quercetin, rutin, and gallic
acid (10 and 20 mg/kg), given orally, at the same intervals

described for Mesna. P. niruri extract and its active
components produced a significant attenuation of the
nociception, edema, and hemorrhage evoked by CYP,
which was similar to that seen for Mesna. Gallic acid and
rutin displayed greater anti-inflammatory effects, whereas
quercetin presented superior antinociceptive activities.
Noteworthy is that P. niruri extract and compounds
significantly reduced CYP-induced liver lipid peroxidation.
Our results shed new light on the beneficial effects of
P. niruri extract and its active compounds in attenuating the
collateral effects elicited by the chemotherapeutic agent
CYP.

Keywords Quercetin . Gallic acid . Nociception . Lipid
peroxidation

Introduction

Hemorrhagic cystitis (HC) is a modification of bladder
mucosa, characterized by hematuria and symptoms of
irritability, such as dysuria and increase in the frequency
and urgency of urination. HC has been commonly
associated to radiotherapy near to the pelvic region and to
infectious diseases (Cheuk et al. 2007).

Cyclophosphamide (CYP) is an alkylating agent, which
acts non-specifically on the cell cycle. It is used for the
treatment of many solid tumors, B cell-related malignan-
cies, and some autoimmune diseases. One of the most
common adverse effects of CYP is the urotoxicity, which
may include HC and bladder fibrosis (Wong et al. 2000).
The incidence of CYP urotoxicity is greater with the
parenteral administration compared with the oral route.

The urotoxicity of CYP is thought to be due to the
formation of acrolein that damages the urothelium. Acrolein
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interferes with the tissue antioxidant defense system,
produces highly reactive oxygen free radicals, and is
mutagenic to mammalian cells (Oboh et al. 2011). Further-
more, the epithelial damage induced by CYP can occur in
other organs besides the bladder (Wong et al. 2000).

Oxidative stress is known to be involved in several
diseases, representing the cause of toxicity of many drugs.
Several studies demonstrated that oxidative stress induced
by CYP can damage organs, such as: bladder, brain, and
liver (Abraham and Sugumar 2008; Tripathi and Jena 2009;
Oboh et al. 2011). The oxidative stress induced by CYP in
liver is particularly important because this drug suffers
hepatic metabolism by the cytochrome P-450 system to
generate active alkylating metabolites, which interfere with
cellular DNA synthesis, and ultimately lead to cell death in
liver and other tissues (Tripathi and Jena 2009).

Phyllanthus niruri (Euphorbiaceae) is a plant found in
the warmer parts of the world; in Brazil, it is popularly
known as “break-stone”, due to its ability to grow in cracks
and crevices of walls or sidewalks. Several chemical
constituents have been identified, including flavonoids,
alkaloids, terpenoids, lignans, polyphenols, tannins, cou-
marins, and saponins (Table 1). These substances are found
in leaves, stems, and roots of the plant (Calixto et al. 1998;
Bagalkotkar et al. 2006).

Research groups in India were the first to investigate the
pharmacological properties of P. niruri (Chauhan et al. 1977;
Thyagarajan et al. 1982; Venkateswaran et al. 1987). P. niruri
gained worldwide attention in the late 1980s due to its activity
against hepatitis B virus (Venkateswaran et al. 1987). The
plant also showed potent antispasmodic and analgesic effects
(Santos et al. 1994; Martini et al. 2000). In vivo studies
revealed that P. niruri extract is able to protect against liver

damage related to oxidative stress in mice (Bhattacharjee and
Sil 2006; Chatterjee et al. 2006). Quercetin is a bioactive
flavonoid that displays anti-aggregant, anticancer, anti-fungal
(especially anti-dermatophytic), anti-feedant, anti-glaucomic,
anti-inflammatory, antioxidant, antiseptic, and antispasmodic
activities (Cechinel Filho et al. 1996; Saija et al. 2003).
Furthermore, a combination of quercetin and Mesna (the
reference compound used to prevent HC) produced a marked
inhibition of HC induced by CYP in rats (Ozcan et al. 2005).
Rutin is a flavonol glycoside comprised of flavonol quercetin
and the disaccharide rutinose. Previous studies have demon-
strated the anti-inflammatory effects of rutin in rat paw edema,
and neutrophil chemotaxis and degranulation (Selloum et al.
2003). Gallic acid represents a benzenoid compound found in
many plants, either in the free-form or as part of tannins. This
molecule is known to possess anti-microbial, antioxidant, and
cytotoxic properties, and a previous study has shown that
gallic acid was able to suppress TNF-α-induced NF–κB
activity (Morais et al. 2010). In vitro studies on the mode of
action of gallic acid revealed that this compound interferes
with the functioning of polymorphonuclear leukocytes,
scavenging of superoxide anions, inhibition of myeloperox-
idase release, and activity (Kroes et al. 1992). Previous
literature evidence shows that all tested compounds are active
when dosed by the oral route, according to assessment in
different experimental approaches (Arjumand et al. 2011; Kim
et al. 2011; Latha and Daisy 2011).

This study analyzed the anti-inflammatory and antinoci-
ceptive properties of the hydroalcoholic extract and isolated
compounds of P. niruri, namely quercetin, rutin, and gallic
acid (Fig. 1a–c) in HC induced by CYP in mice. Attempts
have also been made to verify the effects of these strategies
on the oxidative stress induced by CYP in the mouse liver.

Materials and methods

Animals

Non-fasted male Swiss mice (eight per group, 25–30 g) were
used. The animals were maintained in controlled temperature
(22±2°C) and humidity (60–70%) under a 12 h light/dark
cycle. Food and water were available ad libitum. The studies
reported in this manuscript followed the “Principles of
Laboratory Animal Care” from NIH publication No. 85–23
and ethical guidelines for investigation of experimental pain
in conscious animals and were approved by the Institutional
Animal Ethics Committee (CEUA 09/00103).

Drugs and reagents

The following drugs and reagents were used: cyclophos-
phamide, Mesna (Mitexan, Baxter Oncology Gmbh, Frank-

Table 1 Chemical constituents isolated from P. niruri

Class Compounds

Alkaloid 4-Methoxy-nor-securinine, nirurine, ent-norsecurinine

Benzenoid Gallic acid, corilagin

Coumarin Ellagic acid, ethyl brevifolin carboxylate

Flavonoid Quercetin, rutin, astragalin, quercitrin, isoquercitrin,
kaempferol-49-rhamnopyranoside, eridictyol-7-
rhamnopyranoside, fisetin-4-O-glucoside, nirurin

Lignan Phyllanthin, hypophyllanthin, niranthin, nirtetralin,
phyltetralin, hinokinin, isolintetralin

Lipid Ricinoleic acid

Phytallate Phyllester

Sterol Estradiol, b-sitosterol, isopropyl-24-cholesterol

Tannin Geraniin

Triterpene Lupeol acetate, lupeol, 3,7,11,15,19,23-hexamethyl-
2Z,6Z , 10Z,14E,18E,22E-tetracoshenen-1-ol,
phyllanthenol, phyllanthenone, phyllantheol

Adapted from Calixto et al. 1998
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furt, Germany). The compounds quercetin, rutin, and gallic
acid were obtained from Sigma Chemical Company, USA
(purity grade >95%). For the hydroalcoholic extract, the
botanical material was collected in Santa Catarina, Brazil,
and was classified by Dr. Leila da França Amaral. The
extract preparation was carried out according to Santos et
al. (1994). All the substances were prepared in NaCl 0.9%
solution (saline) containing 1% Tween 80. The doses of the
extract and compounds were chosen on the basis of
literature data (Santos et al. 1994; Martini et al. 2000).

General protocols

HC was induced by a single administration of CYP
(300 mg/kg, IP), as described before (Olivar and Laird
1999). The hydroalcoholic extract obtained from the leaves
of P. niruri (30 and 50 mg/kg, PO) was administered 30 min
before CYP, and an additional treatment was performed 2 h
later. Separate groups of animals were treated with
quercetin, rutin, or gallic acid (10 and 20 mg/kg, PO), at
the same time intervals. The positive control drug Mesna
was also administered in two doses: The first dose (80 mg/
kg, PO) was administered 30 min before, and the second
one (160 mg/kg, PO) was given 2 h after CYP.

Assessment of nociception

The mice were placed individually in observation boxes
and were acclimatized for 30 min prior to behavioral
testing. The following behavioral changes were evaluated:
(1) activity (walking, rearing, climbing, grooming, etc.); (2)
immobility; and (3) behaviors indicative of visceral pain
(“crises”). In addition, the behavioral alterations were
scored according to the following scale: 0=normal; 1=
piloerection; 2=strong piloerection; 3=labored breathing;
4=licking of the abdomen; and 5=stretching and contrac-
tions of the abdomen (Olivar and Laird 1999; Wantuch et
al. 2007). The mice were observed for 2 min, every 30 min,
in a total period of 4 h after CYP, and the nociceptive
responses were provided as the sum of total scores. At the
end of the 4-h observation period, an open-field test was

carried out. The animals were placed individually in a box
divided in nine squares, for 5 min, and the number of
squares crossed with the four paws was taken as an index of
locomotor activity.

The animals were killed 6 h following CYP administra-
tion, and the bladders were collected for macroscopic and
histological analyses, as described in the next sections.

Gross evaluation

The gross evaluation followed criteria established by Gray
et al. (1986). All bladders were dissected free from
connecting tissues and transected at the bladder neck. Each
bladder was macroscopically evaluated by an examiner
blind to the experimental groups. The edema was catego-
rized as severe (3+), moderate (2+), mild (1+), or absent
(0). The edema was considered severe when fluid was seen
externally in the walls of the bladder, as well as internally.
When the edema was confined to the internal mucosa, it
was reported as moderate; when slight edematogenic
signals were observed, the edema was defined as mild.
The bladders were also surveyed for bleeding and catego-
rized into four designations, considering the presence of
intravesical clots (3+), mucosal hematomas (2+), telangiec-
tasia or dilatation of the bladder vessels (1+), or normal
aspect (0).

Histological analysis

Following the gross evaluation, the bladders were fixed in
buffered formalin solution (10%) for 24 h. Subsequently,
the samples were embedded in paraffin. Five-micrometer
slices were obtained and stained with hematoxylin and
eosin. A pathologist who was blinded to the treatment
reviewed each specimen, considering the presence and the
intensity of edema, hemorrhage, and tissue damage.

Liver lipid peroxidation

Liver lipid peroxidation was measured as described by
Tuzmen et al. (2008). The liver homogenate (10% w/v) was

Fig. 1 Chemical structures of P.
niruri isolated compounds. a
quercetin, b rutin, and c gallic
acid
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prepared in saline. The sample was centrifuged and, the
supernatant was used for the analysis. Alkaline hydrolysis
of protein-bound malondialdehyde (MDA) was achieved by
incubating this mixture in a 60°C water bath for 30 min,
followed by thiobarbituric acid (39.9 mM, 250 μl) and
phosphoric acid (440 mM, 750 μl) addition and incubation
in a 95°C water bath for 60 min. The samples were injected
into a high-performance liquid chromatograph equipped
with ultraviolet detector (Agilent Technologies® Inc.,
USA). The protein content in the supernatant was deter-
mined with a commercial kit (Labtest®). Lipid peroxidation
was calculated from the standard curve using the 1,1,3,3-
tetraethoxy propane (97%) and expressed as nanomoles per
milligram protein.

Statistical analysis

The results are presented as the mean±standard error mean
of eight animals. The percentages of inhibition were
calculated as the mean of inhibitions obtained for each
individual experiment. Statistical comparison of the data
was performed by one-way ANOVA followed by Bonfer-

roni test. Values less than 0.05 (P<0.05) were considered
significant.

Results

The oral administration of the reference compound Mesna
(80 mg/kg, 30 min prior, and 160 mg/kg, 2 h after CYP)
produced a significant reduction of CYP-induced nocicep-
tive behavior, with an inhibition of 83±8% (Fig. 2a–d).
Interestingly, the oral treatment of animals with the hydro-
alcoholic extract of P. niruri (30 and 50 mg/kg, 30 min
prior, and 2 h after CYP) also displayed a marked inhibition
of nociception evoked by CYP. The percentages of
inhibition were 79±6% and 85±9%, respectively
(Fig. 2a). The isolated compound quercetin (10 and
20 mg/kg, PO), dosed at the same schedules of treatment
as described for the extract, was able to inhibit the
nociception induced by CYP in 62±16% and 84±10%,
respectively (Fig. 2b). A similar effect was observed for
gallic acid (10 and 20 mg/kg, PO), with inhibition
percentages of 51±14% and 71±13%, correspondingly

Fig. 2 Effect of treatment with Mesna, P. niruri extract (a),
quercetin (b), rutin (c), or gallic acid (d) on nociceptive responses
induced by CYP (control). Each column represents the mean of

eight animals and the vertical lines show the SEM. Asterisks denote
the significance levels in comparison to control values: *P<0.05;
**P<0.01; ***P<0.001
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(Fig. 2d). The inhibitory effects observed following
treatment with the hydroalcoholic extract or the compounds
quercetin and gallic acid were not significantly different in
comparison to that obtained with Mesna. In contrast, rutin
(10 and 20 mg/kg, PO) failed to significantly alter the
nociception scores (Fig. 2c). The extract and all the isolated
compounds did not significantly change total locomotor
activity in the open-field paradigm (results not shown).

To assess the edema and the hemorrhage formation in
CYP-injected mice, we have carried out a macroscopic
analysis of the bladders. Confirming the literature data
(Gray et al. 1986), the score of edema and hemorrhage in
the CYP group was significantly higher than the score of 0
in the saline group (Figs. 3 and 4). The oral treatment with
Mesna (80 mg/kg, 30 min prior, and 160 mg/kg, 2 h after
CYP injection) caused a significant inhibition of edema
induced by this chemotherapeutic agent (88±11%;
Fig. 3a–d). Oral treatment with the hydroalcoholic extract
of P. niruri (30 and 50 mg/kg, 30 min prior and 2 h after
CYP), significantly reduced the edema scores in 49±12%
and 62±16%, respectively (Fig. 3a). The isolated com-

pound quercetin (10 and 20 mg/kg, PO), given at the same
intervals of time, also induced a significant reduction of
edema in 55±18% and 62±13%, respectively (Fig. 3b).
Furthermore, the chemical constituents rutin and gallic
acid (10 and 20 mg/kg, PO), dosed at the same schedules
of treatment described for the extract, were capable of
inhibiting CYP-induced edema formation. The percen-
tages of inhibition were 62±10% and 62±14% for rutin
(Fig. 3c), and 48±19% and 99±1% (Fig. 3d) for gallic
acid, correspondingly. Again, there was no significant
difference between the inhibitory effects reached after
treating animals with P. niruri extract or isolated com-
pounds, in relation to Mesna treatment.

Regarding the hemorrhage, data on Fig. 4a–d reveal that
oral administration of Mesna (80 mg/kg, 30 min prior, and
160 mg/kg, 2 h after CYP) resulted in a marked reduction
of this parameter (68±5%). The oral treatment with P. niruri
extract (30 and 50 mg/kg) or the isolated compound rutin
(10 and 20 mg/kg), both dosed 30 min prior, and 2 h after
CYP, also produced a prominent reduction of hemorrhage,
an effect that was not significantly different when compared

Fig. 3 Effect of treatment with Mesna, P. niruri extract (a), quercetin
(b), rutin (c), or gallic acid (d) on edema scores. Each column
represents the mean of eight animals and the vertical lines show the

SEM. Asterisks denote the significance levels in comparison to control
values: *P<0.05; **P<0.01; ***P<0.001
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with Mesna. The percentages of inhibition were 45±12%
and 58±14% (P. niruri extract, 30 and 50 mg/kg; Fig. 4a),
and 54±6% and 48±16% (rutin, 10 and 20 mg/kg; Fig. 4c),
respectively. On the other hand, only the 20-mg/kg dose of
gallic acid significantly inhibited the bladder hemorrhage
caused by CYP (55±6%; Fig. 4d), and no significant
difference was observed when compared with Mesna
administration. Nevertheless, the oral treatment with quer-
cetin (either 10 or 20 mg/kg; Fig. 4b) did not significantly
affect this parameter.

Histological analysis revealed that treatment with Mesna
and P. niruni extract produced a general reduction of HC
characteristics. In the CYP group, there were marked
changes in all layers of the bladder. The epithelium was
thin and sometimes denuded. The submucosa was inflamed
and enlarged and presented severe hemorrhagic cystitis
with edema, transmural hemorrhage, and fibrin deposits.
Mesna-treated animals had characteristics of the normal
bladder congestion. The epithelium was found to be thick
with normal-size nuclei and with mild abnormal attenua-
tion. The submucosa presented mild edema and no

inflammation. The muscularis had normal appearance. The
animals treated with gallic acid presented mucosal erosion,
submucosal mild edema, hemorrhage with neutrophil
infiltration, and fibrin deposits. Alternatively, the animals
treated with P. niruri extract showed mild submucosal
edema, minimal hemorrhage, few ulcerations, and minimal
inflammation. Finally, rutin and quercetin groups presented
submucosal mild edema, transmural hemorrhage, multiple
ulcerations, fibrin deposition, and neutrophil infiltration
(Fig. 5a–g).

The administration of CYP (300 mg/kg, IP) also resulted
in increased lipid peroxidation, as indicated by increased
liver MDA levels. The oral administration of Mesna
(80 mg/kg, 30 min prior and 160 mg/kg, 2 h after CYP)
produced a significant reduction of MDA levels (52±3%;
Fig. 6a–d). Increased liver MDA levels were also dimin-
ished by P. niruri hydroalcoholic extract (30 and 50 mg/kg,
PO, 30 min prior and 2 h after CYP), in 28±6% and 31±
4%, respectively (Fig. 6a). In this case, the grade of
inhibition was significantly different in relation to the
Mesna group. The isolated compound quercetin (10 and

Fig. 4 Effect of treatment with Mesna, P. niruri extract (a), quercetin
(b), rutin (c), or gallic acid (d) on hemorrhage. Each column represents
the mean of six to eight animals and the vertical lines show the SEM.

Asterisks denote the significance levels in comparison to control
values: **P<0.01; ***P<0.001
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20 mg/kg) also significantly reduced the levels of MDA in
CYP-treated mice (32±6% and 25±5%, respectively;
Fig. 6b), presenting a significant difference when compared
with Mesna. Furthermore, the liver lipid peroxidation
induced by CYP was significantly reduced by rutin
treatment (20 mg/kg), with an inhibition of 34±7%,
whereas the dose of 10 mg/kg was found ineffective
(Fig. 6c). There was no significant difference between the
effects of Mesna and that seen for the dose of 20 mg/kg.
The administration of gallic acid (10 and 20 mg/kg) also
largely prevented CYP-induced increase of MDA levels,
with inhibitions of 43±4% and 47±4%, respectively
(Fig. 6d), showing, in these two doses, no significant

difference when compared with effect of treatment with
Mesna.

Discussion

The use of CYP is frequently associated with serious side
effects, although the most clinically relevant event is the
urological toxicity, especially manifested as HC. This is not
a direct effect of CYP but is related to the formation of
4-hydroxy metabolites, mainly acrolein (Topal et al. 2005;
Lawson et al. 2008). Despite that the prophylactic admin-
istration of Mesna has been shown to be a useful measure

Fig. 5 Representative bladder walls images in histological cross-
section. a Saline: bladder with normal appearance, with absence of
edema, hemorrhage, or inflammation. b CYP: severe hemorrhagic
cystitis with edema, transmural hemorrhage, mucosal ulceration, and
inflammation. c Mesna group: near-normal appearance. d Gallic acid:
mucosal erosion, submucosal edema, and hemorrhage. e P. niruri: mild

submucosal edema, minimal hemorrhage, few ulcerations, and no
inflammation. f Rutin: submucosal edema, hemorrhage, and erosions.
g Quercetin: edema, transmural hemorrhage, mucosal erosion, and
fibrin deposition. The arrows indicate: urothelium (U); detrusor
smooth muscle (DSM), and lumen (L). All panels, hematoxylin–eosin
stain. Original magnification ×40 in all panels
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for preventing HC, a great percentage of patients under
treatment with CYP will develop HC (Chow et al. 2006;
Monach et al. 2010). Furthermore, the treatment with
Mesna, especially in children and young adults, might be
associated with remarkable side effects, such as
hypersensitivity-like cutaneous and systemic reactions
(Khaw et al. 2007). Therefore, new and safer strategies
are required for managing this condition.

P. niruri has been used for a long time in folk medicine
for the treatment of several illness conditions, being
recognized for its beneficial effects on the genitourinary
system. The phytochemical studies on this plant revealed
the presence of several compounds, such as flavonoids,
alkaloids, lignans, and terpenes, which are recognized for
their anti-inflammatory and analgesic properties (Calixto et
al. 1998; Bagalkotkar et al. 2006). This study evaluated the
effects of treatment with the hydroalcoholic extract from P.
niruri and some of the purified compounds, namely
quercetin, rutin, and gallic acid on the nociceptive and

inflammatory changes evoked by CYP in mice. We have
also investigated to what extent these agents might prevent
hepatic free radical generation associated to CYP.

The model of CYP-induced HC was firstly developed in
rats by Botta et al. (1973). Later, this model was validated
in mice by several research groups as a useful experimental
approach for evaluating inflammatory and visceral noci-
ceptive changes associated to CYP (Olivar and Laird 1999;
Lima-Junior et al. 2007; Wantuch et al. 2007; Tripathi and
Jena 2009). Our study revealed the beneficial effects for P.
niruri extract and the isolated compounds quercetin, gallic
acid, and rutin in preventing the inflammatory and
nociceptive alterations evoked by CYP administration in
mice, when compared with those seen with Mesna.

Urotoxic effects of CYP are largely associated with
marked painful alterations in clinics. Acrolein is known for
its ability to activate sensory neurons, causing severe acute
pain and neuro-inflammation, probably by stimulating
glutamate N-methyl-D-aspartate and tachykinin NK1 recep-

Fig. 6 Effect of treatment with Mesna, P. niruri extract (a), quercetin
(b), rutin (c), or gallic acid (d) on liver MDA levels. Each column
represents the mean of eight animals and the vertical lines show the

SEM. Asterisks denote the significance levels in comparison to CYP
group values: ***P<0.001
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tors (Meen et al. 2002; Lima-Junior et al. 2007). The pro-
algesic actions of acrolein have been recently associated
with TRPA1 receptor activation, which belongs to the
transient receptor ion channel superfamily (Bautista et al.
2006). Noteworthy, TRPA1 is largely responsive to chem-
ical noxious agents, inducing the activation of several
intracellular pathways implicated in pain (Basbaum et al.
2009). Confirming previous literature data (Olivar and
Laird 1999; Wantuch et al. 2007), we demonstrate that
single IP injection of CYP resulted in a marked spontane-
ous visceral pain-like behavior in mice. As expected, the
detoxifying agent Mesna was effective to prevent the
spontaneous nociception evoked by CYP. Of high interest,
pain-like crises induced by CYP were consistently pre-
vented by oral treatment with the hydroalcoholic extract
from P. niruri. In fact, previous studies revealed marked
analgesic effects for this plant extract in several models of
nociception in mice (Santos et al. 1994; Santos et al. 1995;
Martini et al. 2000). We might suggest that antinociceptive
actions of P. niruri extract are mainly related to the presence
of compounds quercetin and gallic acid. This proposition is
based on the findings showing that both compounds
displayed marked reductions of visceral pain-like alter-
ations evoked by CYP, whereas rutin was devoid of
analgesic actions. Remarkably, neither Mesna or P. niruri
extract, nor isolated compounds, induced any significant
alteration of locomotor activity when assessed in the open-
field test, discarding possible unspecific side effects.
Outstandingly, quercetin was able to inhibit nociception in
a host of rodent pain models, including the visceral
nociception elicited by acetic acid (Calixto et al. 1998;
Comalada et al. 2005).

CYP-induced HC has been associated with the activation
of transcriptional factors, such as NF–κB and AP-1, and the
production of various inflammatory mediators, including
cytokines, free radicals, prostanoids, and nitric oxide
(Kiuchi et al. 2009; Tripathi and Jena 2009). The activation
of the aforesaid pathways leads to the development of
marked inflammatory signals such as edema and hemor-
rhage. A previous study demonstrated that a combination of
quercetin and Mesna produced a pronounced inhibition of
HC induced by CYP in rats (Ozcan et al. 2005). In the
present study, we reported that oral administration of P.
niruri extract or the compounds rutin and gallic acid
strikingly prevented the inflammatory signs associated to
CYP in mice. Of note, gallic acid practically abolished the
edema when given orally at the dose of 20 mg/kg, being
even more effective than the reference drug Mesna.
Conversely, the compound quercetin failed to significantly
affect the hemorrhage in CYP-injected mice, although it
reduced the bladder edema. It is tempting to suggest that
increased doses of quercetin might produce significant
alleviation of CYP-induced hemorrhage. Noteworthy, 4-O-

methylgallic acid, the major metabolite of gallic acid,
consistently reduced the production of nitric oxide, prosta-
glandin E2, and inflammatory cytokines and prevented the
activation of NF–κB in lipopolysaccharide-stimulated mac-
rophages in vitro (Na et al. 2006). Furthermore, Park et al.
(2008) demonstrated that a series of flavonoids, including
quercetin and rutin, decreased the expression of pro-
inflammatory cytokines and suppressed NF–κB activation
in mast cells stimulated by phorbol ester plus A23187
(a calcium ionophore). One might suggest that interference
with these inflammatory pathways might mediate the
beneficial effects of P. niruri extract and isolated compound
in CYP mouse model of cystitis.

The toxic aldehyde metabolite of CYP acrolein is formed
by means of hepatic microsomal enzymatic hydroxylation
(Oter et al. 2004; Topal et al. 2005). Therefore, the
biotransformation of CYP can also be associated to liver
damage. In fact, acrolein induces DNA damage of normal
cells, via oxidative stress, leading to toxicological effects on
several target organs, besides the urinary bladder (Tripathi
and Jena 2009). Considering the potential antioxidant effects
of P. niruri and its active compounds (Manjrekar et al. 2008),
we decided to investigate the effects of these strategies on
the liver lipid peroxidation following CYP administration in
mice. Our data revealed that P. niruri hydroalcoholic extract
or the isolated compounds quercetin, rutin, and gallic acid
produced a significant inhibition of the liver peroxidation by
product MDA. Outstandingly, the administration of 20
mg/kg of gallic acid inhibited this toxicological parameter,
in a manner similar to that observed for Mesna. Therefore,
P. niruri and its isolated compounds not only prevented
urinary bladder damage but were also able to reduce liver
damage associated to CYP administration.

Although quercetin displayed carcinogenic activity in
the kidney of male rats when administered in the feed for
2-years (Dunnick and Hailey 1992), it is well known that
this compound has protective effects in several in vivo
models of oxidative stress (Hapner et al. 2010; Li et al.
2010; Mi et al. 2010). Furthermore, a recent paper has
shown that quercetin reduced cisplatin-induced nephrotox-
icity in rats, without compromising its anti-tumor activity
(Sanchez-Gonzalez et al. 2011). It is worthy to note that we
have not observed any signs of nephropathy after the
treatments with P. niruri or with the isolated compounds.

Altogether, the pre-clinical findings presented herein
point out P. niruri extract and the purified compounds
quercetin, rutin, and gallic acid, as promising strategies for
controlling the toxic effects caused by CYP, especially in
the eminency of Mesna side effects. Among all the
evaluated strategies, gallic acid sounds to be the most
encouraging molecule, as it was highly effective against
nociceptive, inflammatory, and oxidative effects elicited by
CYP.
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