
Vol.:(0123456789)1 3

International Urology and Nephrology (2019) 51:803–810 
https://doi.org/10.1007/s11255-019-02128-y

UROLOGY - ORIGINAL PAPER

Uroprotective effect of ambroxol in cyclophosphamide-induced 
cystitis in mice

Elif Nur Barut1 · Seckin Engin1 · Burak Barut2 · Cansu Kaya3 · Gokcen Kerimoglu3 · Arzu Ozel2,4 · Mine Kadioglu5 

Received: 18 January 2019 / Accepted: 11 March 2019 / Published online: 20 March 2019 
© Springer Nature B.V. 2019

Abstract
Purpose  Hemorrhagic cystitis (HC) is defined as any types of acute or chronic inflammation of urinary bladder with several 
reasons. One of the most common causes of HC is cyclophosphamide (CYP), an effective antineoplastic agent, due to its 
urotoxic potential. Ambroxol (AMB) is a mucoactive drug that has been used for numerous respiratory diseases. Besides its 
mucolytic activity, AMB is a potent antioxidant and antiinflammatory agent that is becoming more attractive for the treat-
ment of several oxidative/inflammatory disorders. The aim of this study was to evaluate the uroprotective potential of AMB 
in CYP-induced HC.
Method  Male Balb/c mice were pretreated with AMB (30, 70, and 100 mg/kg) once a day for 3 consecutive days before HC 
induction with CYP (300 mg/kg). Mesna (30 mg/kg;i.p.), only drug in the management of CYP-induced HC, was admin-
istered 20 min before; 4 and 8 h after cystitis induction. The urinary bladders were harvested and evaluated in functional, 
biochemical, and histological studies.
Results  CYP-induced HC markedly reduced acetylcholine (ACh)-induced contractions in detrusor strips and AMB at 100 mg/
kg caused a significant increase in the responsiveness to ACh. Pretreatment with AMB prevented the elevation of malondi-
aldehyde (MDA) and tumor necrosis factor-alpha (TNF-α) level, reduction of total glutathione (GSH) that induced by CYP. 
However, treatment with AMB did not improve the bladder weight and some histological parameters.
Conclusion  These results suggest that AMB pretreatment could improve CYP-induced HC via antioxidant and antiinflam-
matory activities.
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Introduction

Cyclophosphamide (CYP), an alkylating antineoplastic agent, 
is an effective drug in the treatment of multiple malignancies, 
autoimmune disorders, and hematopoietic cell transplantation. 
CYP is converted to acrolein that is a highly toxic agent by 
hepatic microsomal enzymes [1]. Accumulation of acrolein in 
urinary bladder triggers reactive oxygen species (ROS) pro-
duction in the urothelium by activating xanthine oxidase and 
aldehyde dehydrogenase to form peroxynitrite radicals and 
thus it destroys the urothelium, the underlying layer of detru-
sor smooth muscle (DSM), leading to hemorrhagic cystitis 
(HC) [2]. HC is a major dose-limiting clinical complication 
in patients receiving CYP treatment, defining as inflamma-
tion of urinary bladder accompanied with bladder wall edema, 
polymorphonuclear infiltration, and submucosal hemorrhage. 
Depending on the route of administration and dose of CYP 
given, the incidence of HC can vary [1]. The incidence can 
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reach up to 70% in patients receiving high dose CYP intrave-
nously [3]. In this context, it is so crucial that prevention of 
CYP-induced HC in clinical practice to reduce chemotherapy-
induced pain and hematuria.

Inflammation and ROS production induced by acrolein are 
considered to underly CYP-induced HC, supported by experi-
mental studies reported that co-administration of antioxidants 
such as taurine, glutamine, N-acetylcysteine, glutathione, and 
seleno-l-methionine can reduce CYP-induced urotoxicity due 
to their efficacy in ameliorating oxidative bladder damage [1]. 
It has been shown that some preventive measures such as hype-
rhydration and mesna (2-mercaptoethane sulfonate sodium) 
can be effective at reducing the incidence of HC. Mesna is 
the only approved drug in the management of CYP-induced 
urotoxicity, acting by detoxifying of acrolein. But the most 
of side effects of CYP still occur dose-dependently with co-
administration of mesna [4, 5]. In this regard, focusing on new 
therapeutic targets to prevent CYP-induced HC complications 
is urgently needed to increase patient compliance and drug 
safety.

Ambroxol (AMB, 2-amino-3,5-dibromo-N-[trans-4-hy-
droxycyclohexyl] benzylamine), a mucolytic agent, has been 
used in the treatment of respiratory disorders due to its muco-
cinetic and secretagogue activity [6]. After systemic adminis-
tration, AMB is metabolized to dibromoanthranilic acid and 
glucronides. Also, it is excreted mainly by renal excretion 
and 5–6% of a dose is excreted unchanged in the urine [7, 8]. 
Recently, it has been shown to exhibit antioxidant and antiin-
flammatory properties in vivo and in vitro [4]. Gillissen et al. 
shown that AMB reduces ROS from polymorphonuclear and 
mononuclear cells [9]. Also, it’s reported that AMB inhibited 
endotoxin-induced lipid peroxidation as well as its antiinflam-
matory function [9, 10]. It is well established that AMB was 
able to decrease the lipopolysaccharide-induced synthesis of 
cytokines, superoxide anion, and hydrogen peroxide produc-
tion in rat alveolar macrophages [11]. Morever, certain studies 
have suggested that AMB diminishes pain-like behaviors in 
both inflammatory and neuropathic pain models in rats due to 
its sodium channel blocker activity [12–14].These wide ranges 
of AMB features suggest that it might be a new therapeutic 
candidate targeting especially inflammatory-based disorders.

In the present study, we aimed to evaluate the possible 
protective effect of AMB on CYP-induced oxidative/inflam-
matory damage in mice urinary bladder and CYP-induced 
changes on contractile function of DSM.

Materials and methods

Chemicals

Cyclophosphamide (CYP) (Endoxan® 500  mg vial, 
Eczacıbaşı Baxter, Turkey) and mesna (Uromitexan® 

400 mg, Eczacıbaşı Baxter, Turkey) were used. Acetyl-
choline (ACh) and ambroxol (AMB) were purchased from 
Sigma (St. Louis, MO, USA). In addition, TNF-α (R&D 
Systems, USA) and glutathione (Cayman Chemical, USA) 
commercial kits were used for biochemical analysis. CYP, 
mesna, and AMB were dissolved or diluted in 0.9% sterile 
saline.

Animals

We used 108 male Balb/c mice weighing 25–40 g and all 
mice were between 3 and 4 months of age in this study. 
They were kept in the temperature and humidity-controlled 
(24 ± 1 °C) rooms with food and water given ad libitum.

CYP‑induced HC induction and dose treatment 
schedule

Mice were randomly divided into six groups of 18 ani-
mals each: (1) untreated control group, (2) CYP (300 mg/
kg)-treated group, (3) CYP + Mesna (30 mg/kg)-treated 
group, (4) CYP + AMB30 (30  mg/kg) treated group, 
(5) CYP + AMB70 (70  mg/kg) treated group, and (6) 
CYP + AMB100 (100 mg/kg) treated group. In the untreated 
control group, mice were injected with equivalent volumes 
of saline depending on experimental protocol. In group 2, 
mice were pretreated with saline once a day for 3 consecutive 
days, followed by CYP (300 mg/kg) administration 30 min 
after the last dose of saline on the third day. In group 3, mice 
were treated with Mesna 20 min before and 4 and 8 h after 
cystitis induction with a single dose of CYP (300 mg/kg). 
In groups 4, 5 and 6; mice were pretreated with AMB once 
a day for 3 consecutive days, followed by CYP (300 mg/kg) 
administration 30 min after the last dose of AMB on the 
third day. All drugs were injected intraperitoneally. Doses 
of drugs and protocol were selected depending on previous 
studies with some modifications [15–18].

24 h after CYP administration, animals were killed by 
cervical dislocation and the bladder was quickly removed 
for the contractility studies and histologic evaluation. For the 
biochemical studies bladder tissues were frozen immediately 
in liquid nitrogen and stored at − 80 °C until use.

Contractility studies

The urinary bladder was surgically removed from the mice 
placed in Krebs Henseleit solution (NaCl 118 mM; KCl 
4.8 mM; MgSO4.6H2O 1.2 mM; KH2PO4 1.2 mM; NaHCO3 
25 mM; glucose 11.7 mM; CaCl2.2H2O 2.5 mM). The blad-
der was carefully dissected from the adherent tissues and 
DSM strips (4–5 mm long and 2–3 mm wide) were prepared. 
DSM strips were then placed in water-jacketed organ baths 
containing Krebs Henseleit solution at 37 °C and bubbled 
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with 95% O2 and 5% CO2 throughout the experiments. To 
measure tissue contractility, one end of the strip was attached 
to an isometric force transducer (MAY FDT10A) connected 
to data acquisition and recording system (BIOPAC MP 100).

The strips were placed under 1 g load resting tension and 
allowed to equilibrate for 60 min, with while replacing the 
bath solution every 20 min. After the equilibration period, 
to test the effect of AMB pretreatment on CYP-induced 
changes in contractile function of DSM, cumulative con-
centration response to ACh (10−8–10−3 M) and potassium 
chloride (KCl; 60 mM)-induced contraction were evaluated 
in DSM obtained from all groups. The data were expressed 
as mg contraction.

Biochemical analysis

Preparation of bladder homogenates

Each frozen bladder tissue was homogenized in 5–10 ml 
cold phosphate buffer saline (PBS, pH 6–7) containing 
1 mM EDTA per gram tissue. Then the samples were centri-
fuged at 4 °C, 10,000×g for 15 min. The supernatants which 
were used for glutathione (GSH) assay were deproteinated 
according to the manufacturer’s instructions at commercial 
available kit (GSH assay kit, Cayman Chemical #703002, 
USA).

Lipid peroxidation assay

Tissue levels of peroxides were determined as thiobarbitu-
ric acid reactive substances (TBARS) described by Stocks 
& Dormandy in 1971. In the protocol, 1 ml of 15% TCA 
in 0.25 M HCl was added to 10% tissue homogenate and 
centrifuged at 2000 rpm for 15 min. 1.2 ml of supernatants 
were mixed with 0.6 ml 37% TBA in 0.25 M HCl and held 
in a boiling water bath for 15 min after cooling under the 
tape water. The absorbance of supernatant was measured 
photometrically at 532 nm using MultiskanGo microplate 
spectrophotometer. TBARS levels were calculated using 
1,1,3,3-tetraethoxypropane as the standard and expressed 
as nmol MDA per g protein.

Determination of total glutathione (GSH) content in urinary 
bladder homogenates

Tissue levels of acid-soluble thiols, mainly GSH, were 
determined colorimetrically at 412 nm using a commercial 
available kit (GSH assay kit, Cayman Chemical, USA). 
The assay was performed according to the manufacturer’s 
instructions and the protein thiol content was expressed as 
µgmol/g tissue.

Determination of tumor necrosis factor (TNF)‑α in urinary 
bladder homogenates

Level of TNF-α was determined by ELISA technique in uri-
nary bladder homogenate using a commercial available kit 
(Mouse TNF-α HS Quantikine ELISA Kit, R&D system, 
USA) in accordance with the manufacturer’s instructions 
and TNF-α content was expressed as pg/mL.

Histopathological analysis

For histopathological analyses, mice bladders were fixed 
with 10% formaldehyde, processed with graded alcohols, 
embedded in paraffin. Five micrometer sections were cut 
from paraffin blocks using a rotary microtome (RM 2255; 
Leica Instruments, Nussloch, Germany) and basic staining 
method hematoxylin and eosin (H&E) was applied. Slides 
were observed by light microscope (Olympus BX51; Olym-
pus Co., Tokyo, Japan) fitted with a digital camera (Olympus 
DP 71 Olympus Co.,Tokyo, Japan). The severity of mucosal 
edema, leukocyte infiltration, mucosal abrasion, and hemor-
rhage scored in ten fields of each slide. The histologist was 
blinded to the groups [19].

Mucosal edema was evaluated under × 200 magnification. 
No edema was scored as 0, minimal edema (no change in 
connective tissue thickness) as 1, moderate edema (connec-
tive tissue thickness increased by < twofold) as 2, and severe 
edema connective tissue thickness increased by (> twofold) 
as 3.

Leukocyte infiltration was evaluated in mucosa under 
× 400 magnification. No extravascular leukocytes were 
scored as 0, > 20 leukocytes as 1, 20–45 leukocytes as 2, 
and > 45 leukocytes as 3.

Mucosal hemorrhage and mucosal abrasion were evalu-
ated under × 100 magnification. The presence of hemorrhage 
and mucosal abrasion was scored as 1, and no change was 
scored as 0.

The total score of all fields of view for mucosal edema, 
leukocyte infiltration, mucosal abrasion, and hemorrhage 
divided by the maximum possible score and then multiplied 
by 100. Bladder hypertrophy was measured by the ratio of 
bladder weight (mg) to body weight (g).

Statistical analysis

All data were represented as the mean ± SEM or mean ± SD. 
Statistical analyses were performed using SPSS software 
(version 22; IBM SPSS Statistics, Armonk, NY, USA) and 
GraphPad Prism (Version 5.01; Graphpad Software, San 
Diego, CA, USA). The differences between groups were 
compared with ANOVA, followed by Fisher’s least signifi-
cant difference (LSD) post-hoc test for biochemical analy-
sis. For contractility studies, one-way ANOVA followed by 
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Dunnett’s t-test used to evaluate differences among groups. 
Histopathological score was analyzed by using the one-way 
ANOVA followed by Bonferroni’s test to determine signifi-
cant differences. p < 0.05 was considered to be statistically 
significant.

Results

AMB pretreatment does not effect CYP‑induced 
changes in urinary bladder weight

In CYP-treated group, the ratio of bladder weight to body 
weight was significantly increased compared to untreated 
control group (mean 2.26 ± 0.26 vs 0.92 ± 0.07 mg/g, respec-
tively). As shown in Fig. 1, pretreatment with AMB failed 
to decrease the CYP -induced increment of bladder weight.

Contractility studies

Effect of AMB pretreatment on CYP‑induced changes 
in contractile function of DSM

To investigate the effect of AMB on CYP-induced blad-
der dysfunction on bladder contraction, in vitro contrac-
tility studies were performed on DSM. Cumulative ACh 
(10−8–10−3 M)-evoked contractile response significantly 
decreased (p < 0.05) in DSM strips obtained from CYP-
treated group compared with the untreated control group. 
Pretreatment with AMB at 100 mg/kg caused a significant 
increase in the responsiveness to ACh compared with the 
CYP-treated group (Fig. 2a). KCl (60 mM)-induced con-
traction was also evaluated in DSM strips from all groups. 
There was no significant difference in KCl-induced contrac-
tile response among the groups (Fig. 2b).

Biochemical analysis

AMB pretreatment ameliorates CYP‑induced changes 
in lipid peroxides in urinary bladder

To test whether AMB pretreatment alters the oxidative dam-
age in CYP-induced cystitis, changes on the lipid peroxi-
dation end-product, MDA level, were investigated. Bladder 
MDA level nearly tripled in CYP-treated group compared 
with the untreated control group (p < 0.05). As presented in 
Fig. 3, pretreatment with AMB at 70 mg/kg and 100 mg/kg 
significantly prevented the elevation of MDA level as mesna 
treated group.

AMB pretreatment improves CYP‑induced reduction of GSH 
content in urinary bladder

To investigate whether AMB pretreatment affects the anti-
oxidant defense system in the CYP-induced bladder damage, 
GSH level was determined. CYP treatment caused a sig-
nificant decreased in GSH level compared to untreated con-
trol group (p < 0.01). As shown in Fig. 4, pretreatment with 
mesna and the lowest dose of AMB (30 mg/kg) significantly 
prevented the reduction in GSH level (p < 0.001, p < 0.01).

Fig. 1   Effect of AMB pretreatment on the weight of the CYP-treated 
urinary bladder. Bladder weight was expressed as ratio of blad-
der weight (mg) to body weight (g) (n = 6). *p < 0.05, **p < 0.01, 
***p < 0.001 significantly different from control group

Fig. 2   a Effect of AMB pretreatment on CYP-induced changes in uri-
nary bladder contractile response to cumulative ACh (10−8–10−3 M). 
b Effect of AMB pretreatment on CYP-induced changes in urinary 
bladder contractile response to KCl (60 mM). The data are presented 
as the percentage of the maximum response in the control strips and 
values are presented as mean ± SEM. (n = 4–6) #p < 0.05 significantly 
different from control group. *p < 0.05 significantly different from 
CYP-treated group
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AMB pretreatment prevented CYP‑induced increment 
of TNF‑α level in urinary bladder

To investigate the effect of AMB pretreatment on inflam-
matory processes which were induced by CYP treatment 
in urinary bladder, changes on the TNF-α level were deter-
mined. CYP treatment induced a significant increase on 
TNF-α level. Mesna and AMB pretreatment at all doses 
remarkably prevented the increment of TNF-α level (Fig. 5, 
p < 0.01, p < 0.05).

Effects of AMB pretreatment on CYP‑induced 
bladder pathological changes

To examine the protective effect of AMB treatment on cyto-
architectural changes in CYP-induced cystitis, alterations of 
the mucosal edema, hemorrhage, leukocyte infiltration, and 
mucosal abrasion parameters were analyzed. Whereas there 
was no change hemorrhage, edema, and other parameters 
in the control group; severe hemorrhage, edema, mucosal 
abrasion, and leukocyte infiltration were observed in the 
CYP-treated group (p < 0.001). Although mesna treatment 
caused a significant decrease in the severity of mucosal 
edema, hemorrhage, and leukocyte infiltration, no changes 
was observed in mucosal abrasion compared to CYP-treated 

group (p < 0.01, p < 0.001). Morever, only CYP + AMB70 
exhibited a significant reduction in mucosal hemorrhage 
(p < 0.05). Also mucosal abrasion and leukocyte infiltration 
tend to decrease in CYP + AMB70 group, but there was no 
significant difference when compared to CYP group (Fig. 6, 
Table 1).

Discussion

CYP is an oxazaphosphorine alkylating agent that was 
approved in 1958 for the treatment of solid tumors, lym-
phoma, leukemia etc. Over the years, it is also used for non-
malignant diseases such as rheumatoid arthritis and systemic 
lupus erythematosis [20, 21]. Despite its proven efficacy 
in numerous conditions, CYP has several side effects and 
the major one that restricts clinical use is HC [22]. There 
are numerous reports about the molecular mechanisms of 
CYP-induced HC, indicating that during hepatic metabo-
lism of CYP, a highly urotoxic metabolite called as acrolein 
is generated then accumulate in the bladder [2]. The exact 
urotoxic mechanism of CYP metabolite, acrolein, is still 
unclear, however, oxidative stress and inflammation are 
considered to be implicated in the pathogenesis of CYP-
related HC [22]. CYP causes over-production of ROS spe-
cies dramatically which induces transcription factors of pro-
inflammatory cytokine such as TNF-α and interleukin-1beta 
(IL-1β) [4, 23]. These factors contribute to harmful reaction 
in the bladder urothelium and lead to ulceration, hematuria, 
severe pain, and irritative voiding symptoms [2, 21]. There 
are numerous reports showing that antioxidants and anti-
inflammatory agents may eliminate its urotoxicity leading 
to improve the tolerability of CYP [1, 24].

Mesna is a potent uroprotective agent that can directly 
bind to acrolein and efficiently detoxify it [25]. However, 
numerous studies showed that prophylaxis with mesna is 
not fully sufficient for blocking acrolein urotoxic effects 
and it reduces the incidence of cystitis only about 5% in the 
clinic [5, 26, 27]. Also, it causes allergic reactions in some 

Fig. 3   Effect of AMB pretreatment on MDA level in urinary bladders 
from CYP-treated mice. Data are expressed as mean ± SEM (n = 3). 
###p < 0.05 significantly different from untreated control group. 
***p < 0.05 significantly different from CYP-treated group

Fig. 4   AMB pretreatment improves CYP-induced reduction of GSH 
content in urinary bladder. Data are expressed as mean ± SEM; 
(n = 5). ***p < 0.001, **p < 0.01 compared with the CYP group, 
#p < 0.01 compared with the control group

Fig. 5   AMB pretreatment decreased CYP-induced increment of 
TNF-α level in urinary bladder. Data are expressed as mean ± SEM; 
(n = 5). **p < 0.01, *p < 0.05 compared with the CYP group, #p < 0.05 
compared with the control group
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cases [28]. Thus, there is a growing interest in developing 
the potential alternative therapeutic agent especially those 
with a potential antioxidant and antiinflammatory activity 
for CYP-induced HC.

AMB, a metabolite of bromhexine, has been widely 
prescribed to treat respiratory diseases associated with 
increased mucus production. Besides its mucolytic action, 
antiinflammatory and antioxidant properties of AMB has 
been described in vivo and in vitro [4].

In view of these considerations, we investigated the pos-
sible protective effect of AMB on CYP-indued oxidative/
inflammatory damage and changes in contractile function 
in mice urinary bladder.

It’s known that in CYP-induced HC, detrusor muscle con-
tractions by muscarinic receptor agonist were significantly 

reduced [29, 30]. In accordance with previous works, we 
observed that CYP treatment caused a significant decrease 
in ACh-induced cholinergic contraction. Although mesna 
did not alter the reduction in the ACh-induced cholinergic 
contractions, pretreatment with AMB at 100 mg/kg restored 
ACh-induced contraction impaired by CYP. However, no 
changes were noticed in KCl-induced contraction regardless 
of treatment.

MDA is known as an end-product of lipid peroxidation 
process and used as a marker of cellular oxidative damage 
[4, 31]. CYP treatment caused a significant increase in MDA 
production in previous studies. The production of ROS 
induced by CYP treatment is responsible for the elevation 
of MDA level [32–35]. We have shown that the administra-
tion of 300 mg/kg dose of CYP resulted in development 

Fig. 6   Representative photographs of bladder sections obtained from 
all groups. Control group (a) showing normal histoarchitecture of 
bladder with intact epitelium ( ) ve lamina propia ( ). CYP group 
(b) showing severe mucosal abrasion ( ), marked hemorrhage (
) and edema ( ). CYP + Mesna group (c) showing significantly 
decreased hemorrhage ( ), edema ( ) and mucosal abrasion ( ). 

CYP + AMB30 (d) still showing marked mucosal abrasion ( ) and 
edema ( ). CYP + AMB70 (e) showing mucosal abrasion ( ), edema 
( ) and significantly decreased hemorrhage ( ). CYP + AMB100 
(f) still showing marked mucosal abrasion ( ), hemorrhage ( ) and 
severe edema ( ). (H&E; × 100)

Table 1   Histopathological 
changes in mice urinary 
bladders

Data are expressed as mean ± SD (n = 3–10). *p < 0.05, **p < 0.01, ***p < 0.001 compared with the CYP 
group

Groups Histological parameters

Mucosal edema Leukocyte infiltration Mucosal hemorrhage Mucosal abrasion

Control 7.99 ± 3.80*** 8.66 ± 2.98*** 12.00 ± 4.47*** 12.00 ± 4.47***

CYP 66.66 ± 16.63 63.66 ± 16.36 68.75 ± 15.53 61.12 ± 21.47
CYP + Mesna 25.00 ± 5.06*** 33.89 ± 22.84** 44.00 ± 11.40* 38.33 ± 18.35
CYP + AMB30 57.32 ± 17.22 50.66 ± 10.90 56.00 ± 19.49 58.00 ± 22.80
CYP + AMB70 64.16 ± 6.31 46.66 ± 8.16 36.67 ± 5.77* 37.50 ± 15.00
CYP + AMB100 59.44 ± 2.51 53.33 ± 11.35 70.00 ± 14.14 66.67 ± 10.33
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of oxidative damage in urinary bladder tissue. Pretreatment 
with mesna and AMB at 70 mg/kg and 100 mg/kg attenuated 
oxidative damage in urinary bladder, evidenced by decreased 
MDA level. In agreement with our results, Zhi et al., also 
demonstrated that AMB treatment decreased the MDA con-
tent which were enhanced in paraquat-induced pulmonary 
fibrosis [36].

GSH that plays a crucial role in the defense toward oxida-
tive damage catalyzes the reduction of hydrogen peroxide to 
oxygen and water, and blocks the generation of hydroxyl rad-
icals that are highly toxic ROS [20, 37]. In previous studies, 
it’s established that GSH content is reduced in CYP-induced 
bladder damage [28, 32, 38]. Also our results showed that 
CYP treatment significantly reduced GSH content in mice 
urinary bladder as in the literature. Pretreatment with AMB 
at 30 mg/kg markedly increased the GSH content compared 
with CYP group.

Most of studies demonstrated that inflammatory media-
tors and several cytokines have a crucial role in chemo-
therapy-induced HC pathogenesis [39–41]. It is suggested 
that CYP-induced cystitis caused a sudden and dramatic 
increase in mRNA level of the major proinflammatory 
cytokine, TNF-α [42]. After understanding the participation 
of TNF-α pathway in CYP-induced damage, recent stud-
ies focus on antiinflammatory therapies for the treatment 
of CYP-induced cystitis [24, 43]. In our study, we observed 
that CYP treatment augmented TNF-α level dramatically 
compared to control group. In addition, AMB treatment at 
all doses markedly decreased TNF-α level as mesna treated 
group compared with CYP group. In agreement with our 
results, Su et al. reported that in a murine model of acute 
lung injury AMB treatment decreased TNF-α level in bron-
choalveolar lavage fluid through its antiinflammatory poten-
tial [15]. Although antiinflammatory mechanism of AMB 
is yet incompletely understood, Ferretti et al. suggested that 
AMB can inhibit the phospho-diesterases which block the 
production of proinflammatory cytokines [44]. Additionally, 
AMB could also inhibit the activation of proinflammatory 
transcription factor, nuclear factor kappa B (NFκB) [45].

CYP-induced HC caused pathological alterations in mice 
urinary bladders compatible with previous works due to 
activation of oxidative and inflammatory mechanisms [28, 
46]. Mesna treatment improved CYP-induced bladder dam-
age histologically, but AMB pretreatment did not provide 
remarkable improvement compared with mesna-therapy. 
Only AMB treatment at 70 mg/kg markedly reduced CYP-
induced mucosal hemorrhage.

To the best of our knowledge, this is the first study show-
ing that AMB pretreatment ameliorates oxidative/inflam-
matory damage and improves detrusor contractility in the 
urinary bladder of CYP-treated mice. Although further stud-
ies are required to elucidate the exact mechanism of uro-
protective effects of AMB treatment, our promising results 

obviously showed us AMB might be favorable uroprotective 
drug candidate for the effective treatment of CYP-induced 
HC.
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