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Abstract Cyclophosphamide (CP) is widely used in the
treatment of cancer and non-malignant disease states such
as rheumatoid arthritis. Hemorrhagic cystitis is a major
dose-limiting side effect of CP. The incidence of this side
effect is related to the dosage and can be as high as 75%.
Elimination of the side effects of CP can lead to better
tolerance of the drug, and a more efficient therapy can be
achieved for patients in need of CP treatment. Several
studies have demonstrated that oxidative stress and neutro-
phil infiltration play important roles in CP-induced bladder
damage. Glutamine is utilized under clinical conditions for
preventing chemotherapeutic drug-induced side effects,
based on its ability to attenuate oxidative stress. The aim
of the study is to verify whether glutamine prevents CP-
induced oxidative stress and bladder damage using a rat
model. Adult male rats were administered 150 mg/kg body
weight of CP intraperitoneally. Glutamine pretreated rats
were administered 1 g/kg body weight of glutamine
orally 2 h before the administration of CP. Vehicle/
glutamine-treated rats served as controls. All the rats were
killed 16 h after the dose of CP/vehicle. The urinary
bladders were removed and used for light microscopic and
biochemical studies. The markers of oxidative stress
including malondialdehyde content, protein carbonyl con-

tent, protein thiol, and myeloperoxidase activity, a marker
of neutrophil infiltration, were measured in bladder homo-
genates. CP treatment induced hemorrhagic cystitis in the
rats. Pretreatment with glutamine significantly reduced CP-
induced lipid peroxidation (p<0.01), protein oxidation
(p<0.01), and increase in myeloperoxidase activity
(p<0.05). However, it did not prevent CP-induced bladder
damage. The results of the present study show that
glutamine pretreatment does not attenuate CP-induced
hemorrhagic cystitis, although it prevents CP-induced
oxidative stress and neutrophil infiltration significantly. It
is therefore necessary to clarify the utility of glutamine as a
chemoprotective agent before it is recommended in the
market as a nutrient supplement.
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Introduction

Cyclophosphamide (CP) is a drug with a wide spectrum of
clinical uses, and it has been proved to be effective in the
treatment of cancer (lymphoma, acute and chronic leuke-
mias, and multiple myeloma) and non-malignant disease
states such as rheumatoid arthritis [1]. However, this drug
may induce acute inflammation of the urinary bladder
(cystitis) [2, 3]. Hemorrhagic cystitis (HC) is a major dose-
limiting side effect of CP [1]. The incidence of this side
effect can be great (75%) in patients receiving a high
intravenous dose. Elimination of the urotoxicity of CP
could lead to better tolerance of the drug, and more efficient
and comfortable therapy could be achieved for patients in
need of CP treatment.
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Recent studies have shown that reactive oxygen species
(ROS) play an important role in CP-induced HC. These
studies have shown that the indicator of oxidative stress,
namely malondialdehyde (MDA), increases in the bladder
after the administration of CP. The role of ROS in the
pathogenesis of CP-induced HC is supported by the
findings that antioxidants such as tocopherol, taurine,
carotene, and melatonin protect against CP-induced HC
[4–6]. Sadir et al. [4] have demonstrated that MDA levels
increase significantly in bladder tissue after CP injection
and the antioxidants ameliorated this increase. Abd-Allah et
al. [6] demonstrated a significant decrease in the endoge-
nous antioxidant compound glutathione and elevation of
lipid peroxidation in rat urinary bladder tissue after the
administration of CP. They have also shown that taurine
pretreatment resulted in a significant decrease in lipid
peroxide and restoration of glutathione content in urinary
bladder tissue.

Glutamine (GLN) is the most abundant amino acid
found in blood and in the free amino acid pool of the
human body [7]. Besides its role as a constituent of proteins
and its importance as metabolic fuel, glutamine has
nonnutritive effects, including regulation of the cellular
redox balance [8], cell volume [9], glutathione metabolism
[10], and attenuation of oxidative stress [11–13].

Several studies have shown that glutamine administra-
tion attenuates oxidative stress and protects against chemo-
therapeutic agent induced organ injury. These include
anthracycline-induced mucositis/stomatitis in breast cancer
patients [14], fluorouracil-induced stomatitis in patients
with advanced or metastatic cancer [15], and oxaliplatin-
induced peripheral neuropathy in colorectal cancer patients
[16]. In rats, oral glutamine has been shown to attenuate
oxidative stress in cyclophosphamide-induced cardiotoxicty
[17].

Because of the high turnover rate of glutamine, it is
suggested that even high amounts of glutamine can be given
without any important side effects. It is suggested that if
glutamine is shown to prevent CP-induced oxidative stress and
urotoxicity, it can lead to better tolerance of the drug. Thus, a
more efficient therapy can be achieved for patients in need of
CP treatment. Therefore, the purpose of the present study was
to investigate whether the administration of the glutamine has
any protective effect against cyclophosphamide-induced oxi-
dative stress and urotoxicity in rats.

Materials and Methods

Chemicals

Glutamine powder, 1-chloro-2,4-dinitrobenzene, bovine
serum albumin powder, 5,5-dithio-bis-(2-nitrobenzoic acid)

(DTNB), reduced glutathione 2-thiobarbituric acid, and
1,1,3,3 tetramethoxy propane were obtained from Sigma
Chemical Co., St. Louis, MO, USA. All other chemicals
were of analytical grade.

Animals and Treatments

Adult male Wistar rats (200–250 g) were used for the
experiments. The study was approved by the animal
ethics Committee for the Purpose of Control and
Supervision of Experimentation on Animals (CPCSEA),
Government of India. The guidelines of CPCSEA were
followed. Dosage and route of administration of CP were
determined from that described in literature the [18].
Todora et al. have recently demonstrated that GLN at the
dose of 1 g/kg body weight protects against CP-induced
cardiotoxicity in rats [17]. Therefore, we used the same
dose for our study. CP was dissolved in 0. 9% saline, and
glutamine was dissolved in water.

Experimental Design

The rats were divided into four groups and were treated as
follows.

Group I (Vehicle Control) The rats in this group (n=6)
received saline (the vehicle for CP) and water (the vehicle
for glutamine).

Group II (Glutamine) The rats (n=6) in this group received
1 g/kg body weight glutamine dissolved in water orally.

Group III (CPAlone) The rats in this group (n=8) received
a single intraperitoneal injection of CP in saline at the dose
of 150 mg/kg body weight.

Group IV (CP + Glutamine) The rats in this group (n=8)
received 1 g/kg body weight of glutamine orally. Two
hours later, they received a single intraperitoneal injec-
tion of CP in saline at the dose of 150 mg/kg body
weight.

The rats were killed 16 h after the administration of CP
or saline. The urinary bladders were removed and blotted
dry before weighing. A part of the urinary bladder was used
for biochemical assays and another part for histological
assessment by light microscopy.

Light Microscopy of the Urinary Bladder

The tissues were fixed overnight in 10% buffered neutral
formalin, processed to paraffin wax, sectioned at 5 μm, and
stained with hematoxylin and eosin for examination by
light microscopy.
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Biochemical Assays The biochemical assays were carried
out on 10% (w/v) of bladder tissue homogenates.

Malondialdehyde

Malondialdehyde content was measured as described by
Ohkawa et al. [19]. The mixture consisted of 0.8 ml of
sample, 0.2 ml of 8.1% SDS, 1.5 ml of 20% glacial acetic
acid adjusted to pH 3.5, and 1.5 ml of 0.8% aqueous
solution of TBA. The mixture was made up to 4 ml with
distilled water and heated at 95°C for 60 min using a glass
ball as condenser. After cooling with tap water, 1 ml
distilled water and 5 ml n-butanol and pyridine mixture
(15:1) were added, and the solution was shaken vigorously.
After centrifugation at 2,000×g for 10 min, the absorbance
of the organic layer was measured at 532 nm. Amount of
thiobarbituric reacting substances formed is calculated from
standard curve prepared using 1,1′,3,3′ tetramethoxy pro-
pane, and the values were expressed as nanomoles per
milligram protein

Protein Carbonyl Content

Protein carbonyl content was measured using DNPH as
described by Sohal et al. [20]. To 0.5 ml of sample, an
equal volume of 10 mM DNPH in 2 N HCl was added and
incubated for 1 h shaking intermittently at room tempera-
ture. Corresponding blank was carried out by adding only
2 N HCl to the sample. After incubation, the mixture was
precipitated with 10% TCA (final concentration) and
centrifuged. The precipitate was washed twice with
ethanol/ethylacetate (1:1) and finally dissolved in 1 ml of
6 M guanidine HCl and centrifuged at low speed, and the
supernatant was read at 366 nm. The difference in
absorbance between the DNPH- and HCl-treated sample
was determined and expressed as nanomoles of carbonyl
groups per milligram of protein, using extinction coefficient
of 22 mM−1 cm−1.

Protein Thiol Groups

Thiol groups were measured as described by Habeeb [21].
To 1 ml of the sample suspension, 1 ml of 10% TCA
containing 1 mM EDTA was added. The protein precip-
itate was separated by high-speed centrifugation
(10,000×g) for 10 min. For total thiol estimation, the
sample was taken directly without precipitation. To this,
1 ml of solution I and 0.5% SDS were added followed by
2 ml of solution II and 30 μl of DTNB. The tubes were
mixed well and kept in the dark for 15 min at room
temperature. The intense yellow color of the nitromercap-
tobenzoate anion formed from the DTNB reaction with the
thiol was read at 412 nm, which has a molar absorption of

13,600 m−1 cm−1. The results are expressed in micromole
per milligram protein.

Myeloperoxidase Activity

Myeloperoxidase activity was measured with O-dianisi-
dine-H2O2 by Diaz-Granados method [22]. The rate of
decomposition of H2O2 by myeloperoxidase was deter-
mined by measuring the rate of color development at
460 nm. To 10 μl of sample, 11 μl of H2O2, 17 μl of O-
dianisidine, and 962 μl of phosphate buffer were added,
and the color was read at 460 nm at an interval of 30 s for
4 min, and the rate of change per minute was determined.
Extinction coefficient of 1.13×104 cm−1 was used for the
calculation. One unit is the amount of enzyme decomposing
1 μmol of peroxide per minute.

Protein was measured by the Lowry method [23].

Statistical Analysis

A power analysis was done. A sample size of minimum six
was to be used for our study. The data represent mean
values ± SD. Means of the four groups were compared by
ANOVA. In the case of a significant F, Student’s t test with
Bonferroni correction was used to compare individual
means. A P value of <0.05 was considered to be
statistically significant.

Results

Light Microscopic Studies

In the control rats (both vehicle treated and glutamine
treated), the bladders had normal structure. The urinary
bladder had the urothelium formed by tightly packed cells
with little intercellular space. The basement membrane that
separates the epithelium from the underlying lamina propria
was intact. There was no breach in it. The connective tissue
that constituted the lamina propria was dense with normal
vascular supply. The mucosa was thrown into folds, and
there were subepithelial crypts. The smooth muscle coat
underlying the lamina propria displayed circular and
longitudinal muscle coat with minimal connective tissue
packing. There were no exudates in the lumen (Fig. 1a).

Contrary to the normal picture presented above, the bladder
wall in CP-treated animals showed severe damage. The
mucosa was edematous, and the cells of the urothelium were
not compact. Cellular exudates were seen in the lumen.
Mucosal content formed follicular cystitis (Fig. 1c). Edema of
lamina propria with epithelial and subepithelial hemorrhage
was seen (arrows in Fig. 1c). The epithelium showed patches
of ulceration (arrow in Fig. 1c). The lamina propria was
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edematous, and there were exudates in the lumen (arrow in
Fig. 1c).

Pretreatment with glutamine did not prevent CP-induced
hemorrhagic cystitis (Fig. 1d). The epithelia were detached
from the lamina propria and appear degenerated. The
mucosa was eroded, and severe edema was observed.

Biochemical Parameters

The biochemical parameters are shown in Figs. 2, 3, 4, and
5.

MDA Level

The MDA level in the bladder of CP-treated rats was
elevated by 292% as compared with the control (p<0.01).

Pretreatment with glutamine completely prevented CP-
induced increased MDA level (P<0.01) (Fig. 2).

Protein Carbonyl Content

The bladder protein carbonyl content in the CP-treated rats
was increased by 219% as compared with the control
(P<0.01). Pretreatment with glutamine partially but signif-
icantly prevented CP-induced increase in protein carbonyl
content (P<0.01) (Fig. 3).

Protein Thiol

Protein thiol was increased by 61% in the bladders of CP-
treated rats as compared with control (P<0.01). Pretreatment
with glutamine had no effect on protein thiol level (Fig. 4).

Fig. 2 MDA levels in the bladders of control rats and experimental
rats. Data represent mean ± SD of five to seven rats. *P<0.01 vs
control, GLN, #P<0.01 vs CP

Fig. 3 Protein carbonyl content in the bladders of control rats and
experimental rats. Data represent mean ± SD of five to seven rats. *P
<0.01 vs control, GLN, #P<0.01 vs CP

Fig. 1 Light microscopy of the
bladders of control rats and
experimental rats. Original
magnification, ×100. a Saline
control rats with normal
morphology. Arrow points to
folded mucosa, with epithelium
showing tight packing of cells
and dense connective tissue in
lamina propria. Subepithelial
crypts also seen. No hemorrhage
found. b Glutamine-treated rats
with normal epithelium and
lamina propria. c Bladder from
cyclophosphamide-treated rat
showing edema of epithelium,
and it appears that epithelium
has been breached. Vascular
changes in lamina propria are
apparent. d Bladder from GLN
+ CP-treated rat showing
degeneration of the epithelium,
edema in the lamina propria, and
erosion of the mucosa
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Myeloperoxidase Activity

A threefold increase in myeloperoxidase (MPO) activity
was observed in the bladders of CP-treated rats as
compared with control (P<0.01). Pretreatment with gluta-
mine partially but significantly reduced CP-induced eleva-
tion in MPO activity (P<0.05) (Fig. 5).

Discussion

In the present study, the treatment of rats with CP resulted
in enhanced oxidative stress and neutrophil infiltration in
the bladder as evidenced by enhanced MDA level, protein
thiol level, protein carbonyl content, and MPO activity.
Pretreatment with glutamine significantly attenuated CP-
induced oxidative stress and neutrophil infiltration as
evidenced by decrease in MPO activity, which is one of
the markers of neutrophil infiltration [24]. However,
surprisingly, glutamine did not prevent CP-induced bladder
damage.

Several antioxidants and oxidative stress inhibitors have
been shown to protect against CP-induced oxidative stress

and hemorrhagic cystitis. These include α-tocopherol,
β-carotene, taurine, and melatonin [4–6]. In a recent study,
we have shown that aminoguanidine pretreatment attenu-
ates CP-induced oxidative stress, decrease in the activities
of antioxidant enzymes, and reduced bladder damage [25].

Neutrophils are suggested to be one of the sources of
reactive oxygen species that cause enhanced lipid perox-
idation [26]. Recent studies demonstrate that glutamine
prevents neutrophil recruitment and infiltration and attenu-
ates liposaccharide-induced acute lung injury. This effect is
suggested to be related to its antioxidant property [27–29].
Yeh et al. [28] have demonstrated that under septic
conditions, GLN administration enhances lymphocyte
function, attenuate interactions between polymorphonuclear
lymphocytes and endothelium, and thus decreases neutro-
phil infiltration into tissues. In the present study, CP
treatment resulted in increased MPO activity in the bladders
of rats. GLN pretreatment prevented CP-induced neutrophil
infiltration as reflected by the MPO activity, but did not
prevent the cystitis.

Protein thiol level was elevated in the bladders of rat that
were treated with CP. This is probably a defense mecha-
nism in the bladder in response to increased oxidative stress
[30].

Todora et al. [17] have recently demonstrated that GLN
pretreatment (1 g/kg body weight) attenuates CP-induced
oxidative stress and protects against CP-induced cardiotox-
icity in rats. However, we could not demonstrate the
protective effects of GLN on the bladder, although it
attenuated CP-induced oxidative stress. We suggest that
CP-induced cardiotoxicity and urotoxicity may involve
different mechanisms.

In the present study, although glutamine pretreatment
significantly attenuated CP-induced oxidative stress and
neutrophil infiltration, it was not effective in preventing
CP-induced bladder damage. These observations suggest
that oxidative stress may not be the only mechanism by
which CP induces bladder damage. While antioxidants such
as tocopherol, carotene, taurine, and melatonin protect
against CP-induced HC, glutamine does not do so. The
reason is not clear. It is noteworthy to mention here that the
agents that were shown to be protective against CP-induced
OS and bladder damage, namely α tocopherol, β carotene,
melatonin, and aminoguanidine, are not only potent anti-
oxidants/ROS scavengers but are also strong inhibitors of
nitrosative stress. Nitrosative stress is overproduction of
reactive nitrogen species (RNS) such as nitric oxide and
peroxynitrite. There is a very close relationship between
ROS and RNS. To be precise, superoxide anion is an
important ROS that reacts with nitric oxide and forms
peroxynitrite radical. Peroxynitrite is a strong oxidant and
nitrating species that can cause destruction of host cellular
constituents. Peroxynitrite can oxidize and covalently

Fig. 5 MPO activity in the bladders of control rats and experimental
rats. Data represent mean ± SD of five to seven rats. *P<0.01 vs
control, GLN, #P<0.05 vs CP

Fig. 4 Protein thiol in the bladders of control rats and experimental
rats. Data represent mean ± SD of 5–7 rats. *P<0.01 vs control,
$P<0.01 vs GLN
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modify all types of biomolecules, such as membrane lipids,
thiols, proteins, and DNA [31–33]. Therefore, the protec-
tive effect of alpha tocopherol, beta carotene, melatonin,
and aminoguanidine on CP-induced HC may be attributed
to their inhibition of not only oxidative stress but also
nitrosative stress. Thus far, glutamine has not been shown
to have any effect on nitrosative stress to the best of our
knowledge. This may explain why GLN does not protect
against CP-induced hemorrhagic cystitis although it atten-
uated CP-induced oxidative stress significantly while the
other antioxidants had a protective effect.

In summary, the present study shows that glutamine
attenuates CP-induced oxidative stress but does prevent
CP-induced bladder damage. This suggests that mecha-
nisms other than oxidative stress such as nitrosative stress
may also be involved. We suggest that it is necessary to
clarify the utility of glutamine as a uroprotective agent.
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