
Cancer Chemother Pharmacol (2007) 59:603–612 

DOI 10.1007/s00280-006-0301-y

ORIGINAL ARTICLE

Role of nitric oxide on pathogenesis of 5-Xuorouracil induced 
experimental oral mucositis in hamster

R. F. C. Leitão · R. A. Ribeiro · E. A. L. Bellaguarda · 
F. D. B. Macedo · L. R. Silva · R. B. Oriá · M. L. Vale · 
F. Q. Cunha · G. A. C. Brito 

Received: 27 April 2006 / Accepted: 19 July 2006 / Published online: 31 August 2006
©  Springer-Verlag 2006

Abstract
Introduction Mucositis induced by antineoplastic
drugs is an important, dose-limiting, and costly side
eVect of cancer therapy. Aim: To investigate the role of
nitric oxide (NO) on the pathogenesis of 5-Xuorouracil
(5-FU)-induced oral mucositis.
Materials and Methods Oral mucositis was induced
by two intraperitoneal (i.p) administrations of 5-FU on
the Wrst and second days of the experiment (60 and
40 mg/kg, respectively) in male hamsters. Animals
were treated subcutaneously with saline (0.4 ml),
1,400 W (1 mg/kg), aminoguanidine (5 or 10 mg/kg) or
N�-Nitro-L-Arginine Methyl Ester (L-NAME) (5, 10,
or 20 mg/kg) 1 h before the injections of 5-FU and
daily until sacriWce, on the tenth day. Macroscopic and
histopathological analyses were evaluated and graded.
Tissues from the cheek pouches were harvested for
measurement of myeloperoxidase (MPO) activity,
nitrite level, and immunohistochemistry for induced
nitric oxide synthase (iNOS).

Results Treatment with 1,400 W or aminoguanidine
reduced macroscopic and histological parameters of
oral mucositis, and reduced the inXammatory cell inWl-
tration as detected by histopathology and by MPO
activity. In contrast, the administration of L-NAME
did not signiWcantly reverse the inXammatory altera-
tions induced by experimental mucositis. Increased
NOS activity, nitrite level and immunostaining for
iNOS were detected on the check pouch tissue of ani-
mals submitted to 5-FU-induced oral mucositis on the
tenth day.
Conclusion These results suggest an important role
of NO produced by iNOS in the pathogenesis of oral
mucositis induced by 5-FU.
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Introduction

Ulcerative oral mucositis is one of the most common,
bothersome, and dose-limiting complications of cancer
chemotherapy [14, 43, 44, 58]. An overall frequency of
»40% of oral mucositis has been reported to be associ-
ated with the use of a variety of agents including 5-Xuo-
rouracil (5-FU) [6]. In addition to severe pain, as a
consequence of the disruption of the mucosal barrier,
local and systemic infections may develop, represent-
ing a clinically signiWcant risk factor for sepsis [15].
Furthermore, the intensiWcation of oral mucositis inter-
feres with patient ability to maintain oral nutrition [30].

It has been suggested that oral mucositis results
from a sequential interaction of drug-related direct
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epithelial injury, local factors such as saliva and oral
microbiota with oral mucosa cells, resulting in release
of pro-inXammatory cytokines and free radicals [55].
The literature indicates an important role for cyto-
kines, particularly IL-1 and TNF-� in the pathophysiol-
ogy of mucositis [32, 33, 41].

Cytokines have been shown to stimulate the expres-
sion of the inducible NOS synthase isoform (iNOS)
with consequent production of nitric oxide (NO). This
gas appears to play beneWcial as well as detrimental
role. BeneWcial eVects may include antimicrobial activ-
ity and immune modulation [2, 34]. On the other hand,
detrimental eVects may include a cytotoxic action
toward the adjacent host tissues, resulting in pain, tis-
sues lesions, apoptosis, and bone resorption [17, 29, 37,
47, 53]. In fact, a biphasic eVect of iNOS in inXamma-
tion has also been reported. Depending on the setting,
the role or iNOS has ranged from enhancing inXamma-
tion to retarding it [50]. For example, an exacerbation
of antigen-induced arthritis in inducible NO synthase-
deWcient mice [64] was observed which suggests that
NO production by iNOS has antiinXammatory eVects
in experimental arthritis. On the contrary, it has been
extensively demonstrated that iNOS-derived NO
mediates pathogenesis of experimental and human
inXammatory diseases, including periodontitis [36, 39,
40, 46], joint diseases such as rheumatoid arthritis [12,
61], and hemorrhagic cystitis [60]. Thus, the aim of this
study was to investigate the role of NO on the patho-
genesis of 5-FU-induced oral mucositis.

Materials and methods

Animals

Seventy-two male adult golden hamsters weighing 140–
160 g from the Federal University of Ceará, were
housed in temperature-controlled rooms and received
water and food ad libitum. Surgical procedures and
animal treatments were conducted in accordance with
the Guidelines for Institutional Animal Care and Use
of Federal University of Ceará, Brazil.

Materials

N�-Nitro-L-Arginine Methyl Ester (L-NAME),
aminoguanidine, and N-(3-(Aminomethyl)benzyl)acet-
amidine (1,400 W) were purchased from Sigma-Ald-
rich (St. Louis, MO, USA). The 5-FU used is a product
of Roche, Rio de Janeiro, Brazil. Rabbit anti-NOS-2
and Biotinylated goat anti-rabbit were purchased from
Santa Cruz Biotechnology. Vectastatin® ABC detec-

tion system, and the VIP substrate kit used in immuno-
histochemistry were from Vector Laboratories
(Burlingame, CA, USA).

Induction of experimental oral mucositis

Oral mucositis was induced by two intraperitoneal (i.p)
administrations of 5-FU on the Wrst and second days of
the experiment (60 and 40 mg/kg, respectively),
according to an experimental oral mucositis model pre-
viously described [53]. In order to mimic the friction to
which the oral mucosa is normally subjected, the ani-
mal cheek pouch mucosa was irritated by superWcial
scratching with the tip of an 18-gauge needle on the
fourth day, under anesthesia with chloral hydrate
(250 mg/kg, i.p.). The needle was dragged twice in lin-
ear fashion across the everted cheek pouch until ery-
thematous changes were noted. The animals were
sacriWced on the tenth day after the initial injection of
5-FU, under anesthesia with chloral hydrate (250 mg/
kg, i.p.), the cheek pouches were everted and photo-
graphed, and then the hamster was sacriWced. Samples
of cheek pouches were removed from six animals per
group for histopathological analysis, immunohisto-
chemistry for iNOS, and measurement of NOS activity,
determination of nitrite level and for myeloperoxidase
(MPO) assay.

Experimental groups

Hamster groups with oral mucositis were treated sub-
cutaneously with aminoguanidine (5 or 10 mg/kg),
1,400 W (1 mg/kg), selective inhibitors of iNOS [20,
22], or L-NAME (5, 10, or 20mg/kg), a non-selective
inhibitor of NOS [48] 1 h before the injections of 5-FU
and daily until sacriWce, on the tenth day. Control
groups consisted of animals not subjected to oral
mucositis (control), a non-treated group which was
subjected to the experimental mucositis by 5-FU
administration and mechanical irritation and received
saline (5-FU) and a group which received only
mechanical trauma (MT) of cheek pouches on the
fourth day.

Macroscopic analysis of cheek pouch

Photographs were used for scoring lesions. For macro-
scopic analysis, inXammatory aspects such as erythema,
hyperemia, hemorrhagic areas, epithelial ulcerations,
and abscesses were evaluated in a single-blind fashion
and graded as follows. Score 0: normal cheek pouch
with erythema and hyperemia absent or discreet;
absence of hemorrhagic areas, ulcerations or abscess.
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Score 1: moderate erythema and hyperemia; absence
of hemorrhagic areas, ulcerations, or abscess. Score 2:
severe erythema and hyperemia; presence of hemor-
rhagic areas, small ulcerations, or scarred tissue,
absence of abscess. Score 3: severe erythema and
hyperemia; presence of hemorrhagic areas, extensive
ulcerations, and abscesses.

Histopathological analysis

The specimens were Wxed in 10% neutral buVered for-
malin, dehydrated, and embedded in paraYn. Sections
of 5 �m thickness were obtained for hematoxylin-
eosin staining (H&E) and examined by light micros-
copy (£40). The parameters of inXammatory cell inWl-
tration, vasodilatation, presence of hemorrhagic areas,
edema, ulcerations, and abscesses were determined in
a single-blind fashion and graded as follows. Score 0:
normal epithelium and connective tissue without vaso-
dilatation; absence of or discreet cellular inWltration;
absence of hemorrhagic areas, ulcerations, or
abscesses. Score 1: discreet vasodilatation, reepithel-
ization areas; discreet inXammatory inWltration with
mononuclear prevalence; absence of hemorrhagic
areas, edema, ulcerations, or abscesses. Score 2: mod-
erate vasodilatation, areas of hydropic epithelial
degeneration, inXammatory inWltration with neutro-
phil prevalence, presence of hemorrhagic areas,
edema and eventual ulcerations, absence of abscesses.
Score 3: severe vasodilatation, inXammatory inWltra-
tion with neutrophil prevalence, presence of hemor-
rhagic areas, edema and extensive ulceration, and
abscesses.

Myeloperoxidase assay

Cheek pouch samples were harvested and stored at
¡70°C until required for assay. After homogenization
and centrifugation (4,500g, 20 min), MPO activity, an
enzyme found in azurophil neutrophil granules, used as
a marker for the presence of neutrophils in inXamed
tissue, was determined by a colorimetric method
described previously [59] and expressed as units of
MPO per 5 mg of tissue.

Determination of nitric oxide synthase activity

After the incubation the cheek pouch fragments were
homogenized with 0.2 ml 20 mM HEPES (pH 7.4) con-
taining 1.25 mM CaCl2, 1 mM dithiothreitol (DTT),
and 100 mM tetrahydrobiopterin (BH4). After homog-
enization, 1 mM NADPH and 200,000 cpm of [14C]
arginine (270 �Ci/mmol) were added and incubated for

15 min at 37°C, then the homogenates were centri-
fuged at 10,000g for 10 min at 4°C. The resulting super-
natants were applied to 2 ml columns of Dowex AG
WX-8 (Na+ form) and these were eluted with 3 ml of
double-distilled water [14C]. Citrulline was then deter-
mined in a beta counter. This method is based on the
equimolar production of citrulline and NO from argi-
nine, mediated by NOS activity. The results are
expressed as citrulline production per mg of tissue [21].

Determination of nitrite levels

The production of NO was determined indirectly by
measuring the nitrite levels based on the Griess reac-
tion [7]. BrieXy, 100 �l of cheek pouch tissue homoge-
nate were incubated with 100 �l of the Griess reagent
(1% sulfanilamide in 1% H3PO4/0.1%N-(1-naph-
thyl)ethylenediamine dihydrochoride/1% H3PO4/dis-
tilled water, 1:1:1:1) at room temperature for 10 min.
The absorbance was measured at 560 nm in a micro-
plate reader, nitrite concentration was determined
from a standard nitrite curve generated by using
NaNO2.

Immunohistochemical reaction for induced nitric oxide 
synthase

Immunohistochemistry for iNOS was performed using
the streptavidin-biotin-peroxidase method [27] in for-
malin-Wxed, paraYn-embedded tissue sections (4 �m
thick), mounted on poly-L-lysine-coated microscope
slides. The sections were deparaVinized and rehy-
drated through xylene and graded alcohols. After anti-
gen retrieval, endogenous peroxidase was blocked
(15 min) with 3% (v/v) hydrogen peroxide and washed
in phosphate-buVered saline (PBS). Sections were
incubated overnight (4°C) with primary rabbit anti-
iNOS antibody diluted 1:100 in PBS plus bovine serum
albumin (PBS-BSA). The slides were then incubated
with biotinylated goat anti-rabbit; diluted 1:400 in PBS-
BSA. After washing, the slides were incubated with
avidin-biotin-horseradish peroxidase conjugate (Strep
ABC complex by Vectastain® ABC Reagent and per-
oxidase substrate solution) for 30 min, according to the
Vectastain protocol. iNOS was visualized with the
chromogen 3,3�diaminobenzidine (DAB). Negative
control sections were processed simultaneously as
described above but with the Wrst antibody being
replaced by PBS-BSA 5%. None of the negative con-
trols showed iNOS immunoreactivity. Slides were
counterstained with Harry’s hematoxylin, dehydrated
in a graded alcohol series, cleared in xylene, and cov-
erslipped.
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Statistical analysis

Data were described as either mean § SEM or median,
as appropriate. Analysis of Variance (ANOVA) fol-
lowed by Bonferroni’s test was used to compare means
and Kruskal–Wallis- and Mann–Whitney-tests to com-
pare medians; p < 0.05 was deWned as statistically sig-
niWcant.

Results

EVect of N�-nitro-L-arginine methyl ester, 
aminoguanidine and 1,400 W in oral mucositis

The i.p. administration of 5-FU, followed by MT of the
cheek pouch of the animals caused signiWcant lesions
(p < 0.05), represented by accentuated erythema, hem-
orrhage, extensive ulcers, and abscesses (Fig. 1c;
Table 1), when compared with the group of animals
not subjected to oral mucositis (Control; Fig. 1a;

Table 1) or with animals submitted to MT only (MT;
Table 1). The treatment of the animals with speciWc
(1,400 W; 1 mg/kg) or selective (aminoguanidine;
10 mg/kg) inhibitor of iNOS signiWcantly prevented the
5-FU induced oral damage presenting reduced ery-
thema and absence of ulcerations and abscesses on the
tenth day (p < 0.05; Fig. 1e,g, respectively; Table 1).
Aminoguanidine at dose of 5 mg/kg was ineVective. In
contrast, treatment of the animals with L-NAME (5,
10, or 20 mg/kg), which is a non-selective inhibitor of
NOS [23], did not signiWcantly prevent the lesions
induced by experimental oral mucositis (Table 2).

The histopathology of the cheek pouch of animals
subjected to 5-FU-induced oral mucositis revealed
accentuated vasodilatation, intense cellular inWltration
with neutrophil prevalence, hemorrhagic areas, edema,
abscesses, and extensive ulcers (Fig. 1d; Table 1), when
compared with normal cheek pouches of hamsters not
subjected to oral mucositis (Fig.1b, Table 1) and of the
MT group (Table 1). The treatment with 1,400 W
(Fig. 1f; Table 1) and aminoguanidine (Fig. 1h; Table 1)

Fig. 1 Macroscopic and 
microscopic aspects of normal 
hamster cheek pouches (a and 
b) or cheek pouches of ani-
mals submitted to 5-FU-in-
duced oral mucositis, 
receiving saline (c and d), am-
inoguanidine (e and f) or 
1,400 W (g and h). Oral muco-
sitis was induced by i.p injec-
tion of 5-FU followed by MT 
of the cheek pouch. Animals 
received subcutaneous injec-
tion of aminoguanidine 
(10 mg/kg), 1,400 W (1 mg/
kg) or 0.5 ml of saline, 1 h be-
fore 5-FU and daily for 
10 days. Each cheek pouch 
was everted and photo-
graphed, and samples were re-
moved and processed for 
hematoxylin and eosin stain-
ing (£40 magniWcation) after 
the animal was killed
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signiWcantly (p < 0.05) reduced the 5-FU-induced
inXammatory cell inWltration, edema, and hemorrhage,
and prevented the formation of ulceration and abscess.
Re-epithelization areas were observed.

Myeloperoxidase activity

The MPO activity on the cheek pouch tissue of animals
subject to 10 days of 5-FU-induced experimental oral
mucositis was signiWcantly increased (p < 0.05) in com-
parison with the normal group or to the group of ani-
mals submitted to MT. Both 1,400 W (1 mg/kg) and
aminoguanidine (10 mg/kg) signiWcantly (p < 0.05)
reduced the 5-FU-induced increase of MPO activity,
restoring this parameter to the level of normal and MT
controls. In contrast, a signiWcant (p < 0.05) increase of
MPO activity in the cheek pouch of animals subjected
to 5-FU-induced oral mucositis and treated with L-
NAME was observed, when compared with the group
subjected to 5-FU-induced experimental mucositis
treated with saline (Fig. 2).

Nitric oxide synthase activity

The 5-FU-induced experimental oral mucositis
resulted in a signiWcant (p < 0.05) increase in NOS

activity in the cheek pouch tissue of animals on the
tenth day, when compared with normal group (Fig. 3).

Nitrite levels

The nitrite levels in the cheek pouch tissue of animals sub-
ject to 10 days of 5-FU-induced experimental oral mucosi-
tis was signiWcantly increased (p < 0.05) in comparison
with the normal group or with the group of animals sub-
mitted to MT. Systemic administration of 1,400 W (1 mg/
kg) signiWcantly (p < 0.05) reduced the 5-FU-induced
increase of nitrite levels, restoring this parameter to the
level of normal and MT controls (Fig. 4).

Immunohistochemical reaction for induced nitric oxide 
synthase

The cheek pouches of hamsters submitted to oral
mucositis by 5-FU showed marked immuno-staining of
iNOS on inXamed conjunctive tissue (Fig. 5c) com-
pared with the cheek pouches of the normal control
group (Fig. 5b). Both aminoguanidine and 1,400 W
caused a signiWcant decrease of iNOS immuno-staining
in the check pouches tissue when compared with the
group of animals subjected to experimental mucositis
that did not receive treatment (Fig. 5d, e).

Table 1 Macroscopic and microscopic analysis of hamster cheek pouch submitted to experimental oral mucositis and treated with
aminoguanidine or 1,400 W

Oral mucositis was induced in hamsters by intraperitoneal (i.p.) injection of 5-FU and by mechanical trauma (MT) of the cheek pouch.
Animals received subcutaneous injection of aminoguanidine (10 mg/kg), 1,400 W (1 mg/kg) or 0.4 ml of saline, 1 h before 5-FU and
daily for 10 days. Data represent the median values (and range) of macroscopic or microscopic scores in six animals per group. Data
were analyzed by using Kruskal–Wallis- and Mann–Whitney-tests

* p < 0.05 compared to normal animals

** p < 0.05 compared to animals that received irritation of cheek pouch only (MT)

Experimental groups Normal MT 5-FU

Saline AG 1,400 W

Macroscopic analysis 0 (0–0) 0.5 (0–1) 3 (2–3)* 2 (1–3)*,** 1 (1–3)*,**
Microscopic analysis 0 (0–0) 0.5 (0–1) 3 (1–3)* 1.5 (1–3)*,** 1 (1–3)*,**

Table 2 Macroscopic and microscopic analysis of hamster cheek pouch submitted to experimental oral mucositis and treated with
L-NAME

Oral mucositis was induced in hamsters by intraperitoneal (i.p.) injection of 5-FU and by mechanical trauma (MT) of the cheek pouch.
Animals received subcutaneous injection of L-NAME (5, 10, or 20 mg/kg), or 0.4 ml of saline, 1 h before 5-FU and daily for 10 days.
Data represent the median values (and range) of macroscopic or microscopic scores in six animals per group. Data were analyzed by
using Kruskal–Wallis- and Mann–Whitney-tests

* p < 0.05 compared to normal animals

Experimental groups Normal MT Saline 5-FU

L-NAME (mg/Kg)

5 10 20

Macroscopic analysis 0 (0–0) 0.5 (0–1) 3 (2–3)* 3 (2–3)* 3 (2–3)* 3(2–3)*
Microscopic analysis 0 (0–0) 0.5 (0–1) 3 (1–3)* 3 (1–3)* 3 (2–3)* 2, 5(2–3)*
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Discussion

This study has clearly demonstrated that treatment of
hamsters with aminoguanidine and 1,400 W, which are
iNOS inhibitors, but not with L-NAME, a non-selective

NOS inhibitor, signiWcantly reduced the lesions found
in 5-FU-induced experimental oral mucositis. The
treatments decreased the inXammatory cell inWltra-
tion, edema, hemorrhage, and the formation of ulcer-
ations and abscess. The protective eVects of these
inhibitors suggest a key role for endogenous iNOS-
derived NO in the pathogenesis of 5-FU-induced
mucosistis.

Mucositis is a complex process that is initiated by
injury of cells of the basal epithelium and underlying
tissue. One of the primary eVects of chemotherapy
agents is the generation of reactive oxygen species
(ROS). ROS directly damage cells, tissues, blood ves-
sels and stimulate transcription factors, such as nuclear
transcription factor-�B (NF-�B). Once activated NF-
�B leads to the up-regulation of many genes, including
those that result in the production of pro-inXammatory
cytokines interleukin-1 (IL-1), interleukin-6 (IL-6),
and tumor necrosis alpha (TNF-�) [23, 32, 33, 56].
Agents known to attenuate the expression of cytokines
have demonstrated eYcacy in the prevention of both
experimental [41, 56] and clinical [16] mucositis. Thus,
the participation of NO in 5-FU-induced oral mucositis
is consistent with previous reports showing that pro-
inXammatory cytokines stimulates iNOS-derived NO
production, and that NO mediates cytokines cytotoxicity

Fig. 2 About 1,400 W and aminoguanidine (AG) inhibit myelop-
eroxidase (MPO) activity in the cheek pouch of hamsters submit-
ted to oral mucositis. Oral mucositis was induced in hamsters by
the intraperitoneal (i.p.) injection of 5-FU followed by mechani-
cal trauma (MT). Animals received subcutaneous administration
of N�-Nitro-L-Arginine Methyl Ester (L-NM; 20 mg/kg), amino-
guanidine (AG; 10 mg/kg), 1,400 W (1 mg/kg) or 0.4 ml of saline,
1 h before each 5-FU injection and daily for 10 days. After sacri-
Wce, a sample of the cheek pouch was removed for MPO activity.
Bars represent the mean value § standard error of the mean
(SEM) of the concentration of MPO£106/g of cheek pouch.
*p < 0.05 represents statistical diVerences compared to 5-FU-in-
duced oral mucositis group. The number animals in each group
was at least three. Data were analyzed by using analysis of vari-
ance (ANOVA) and Bonferroni tests
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Fig. 4 Systemic administration of 1,400 W (1 mg/kg) signiWcantly
(p < 0.05) reduced the 5-FU-induced increase of nitrite levels in
the cheek pouch of hamsters submitted to oral mucositis. Oral
mucositis was induced in hamsters by the intraperitoneal (i.p.)
injection of 5-Xuorouracil (5-FU) followed by mechanical trauma
(MT). Animals received subcutaneous administration 1,400 W
(1 mg/kg) or 0.4 ml of saline, 1 h before each 5-FU injection and
daily for 10 days. After sacriWce, a sample of the cheek pouch was
removed for determination of NO production by the Griess reac-
tion. Results are expressed as the mean § SEM of values for each
group of six animals. *p < 0.05 represents statistical diVerences
compared to normal and MT controls **p < 0.05 represents sta-
tistical diVerences compared to 5-FU-induced oral mucositis
group. Data were analyzed by using analysis of variance (ANO-
VA) and Bonferroni tests
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and inXammatory events [17, 42, 53]. Moreover, the
role of NO on pathogenesis of other inXammatory
pathophysiological conditions has been extensively
demonstrated, including periodontitis [36, 39, 40, 46],
joint diseases such as rheumatoid arthritis [12, 61], and
hemorrhagic cystitis [60].

In the present study, we observed that the protective
eVect of 1,400 W and aminoguanidine were associated
with reduced neutrophil inWltration detected by histo-
pathology and myeloperoxidase activity. In accordance
with our data, it has been demonstrated that NOS
inhibitors or iNOS-deWcient mice generated by gene
knockout have a reduced neutrophil migration induced
by staphylococcal enterotoxin B, streptococcal cell
wall, carragenin, or zymosan [1, 10, 18, 19]. In contrast,
it has been also shown that NO down-regulates the
expression of adhesion molecules in the vascular endo-
thelium, thereby decreasing neutrophil traYcking into
inXamed tissues [13, 35, 51]. We do not have an accu-
rate explanation for these diVerences. However, other
authors suggest a biphasic pattern of the regulation of
neutrophil accumulation by diVerent NO concentra-
tions in inXamed tissue, i.e., low level of NO produc-
tion (by constitutive or inducible NOS) is known to
suppress neutrophil adhesion to endothelial cells [24,
25], while high levels of NO increase neutrophil inWl-
tration [1]. The mechanism by which iNOS derived NO
can enhance neutrophil migration and tissue damage
are still unclear. One possible explanation for these
Wndings could be the fact that during severe inXamma-
tion, as observed after 5-FU treatment, peroxynitrite
are formed due the reaction between iNOS-derived
NO and, ROS [9, 62, 63], which are produced concomi-
tantly in response to inXammatory cytokines [11]. This
very toxic compound has the ability to initiate lipid
peroxidation [54], oxidation of protein sulfhydryls [52],
and nitration of tyrosine residues on a variety of pro-
teins, including inactivation of enzymes and/or receptors
[3, 4, 28, 31, 62], resulting in tissue injury which may lead
to an excessive local ampliWcation of the inXammatory
response, and leading to migration of inXammatory
cells. Furthermore, it has been demonstrated that

Fig. 5 Representative examples of iNOS immunohistochemistry
in the cheek pouches of hamsters subjected to 5-Xuorouracil (5-
FU)-induced oral mucositis. The cheek pouch tissue of hamster
which received (5-FU) and subcutaneous saline (c) presented in-
tense immuno-staining of iNOS in the inXammatory cells when
compared to the cheek pouch of hamster which received only sa-
line (b). The treatment with aminoguanidine (10 mg/kg) (d) or
1,400 W (1 mg/kg) (e) considerably reduced the immuno-staining
in the conjunctive tissue. Negative control represents a sample of
the cheek pouch where the Wrst antibody was replaced by PBS-
BSA 5% and no immuno-staining was detected (a)
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iNOS-derived NO can up-regulate the production of a
number of pro-inXammatory mediators, such as TNF-
�, IL-6, and CXC chemokines [1, 5, 26], and that the
inhibition of NOS can increase IL-10 production, an
antiinXammatory cytokine [49]. Thus, the decrease in
the neutrophil migration observed when aminoguani-
dine and 1,400 W were administered in animals sub-
jected to 5-FU induced mucositis is probably due to
suppression of pro-inXammatory eVects of cytokines
mediated high level of NO via iNOS activation.

On the other hand, it was observed that L-NAME, a
non-selective NOS inhibitor [48], did not signiWcantly
prevent the lesions induced by experimental oral
mucositis nor the neutrophil inWltration observed in
histopathology analysis and in myeloperoxidase activ-
ity. On the contrary, the L-NAME treatment pro-
moted a signiWcant increase in the myeloperoxidase
activity on the cheek pouch tissue of animals subject to
5-FU-induced mucositis. In accordance with our data,
it has been shown that endothelial dysfunction which
results in loss in basal level of NO, leads to up-regula-
tion of cell adhesion molecules (CAMs), particularly P-
selectin, leading to increased neutrophil inWltration
and tissue injury [38]. Furthermore, it has been demon-
strated that NO synthase inhibitors, including L-
NAME, increase leukocyte adhesion to cat mesenteric
endothelium, possibly by up-regulating the expression
of CD11/CD18 [62], since this eVect was attenuated by
monoclonal antibodies against CD18 [35]. Thus, the
inhibition of both inducible and constitutive NOS by L-
NAME could be an explanation for the lack of eVect of
L-NAME in preventing oral mucositis or even for the
enhancement of the neutrophil inWltration. Together
these results lead to the conclusion that basal levels of
NO, appear to be essential to maintain homeostasis,
whereas, increased and sustained NO levels, produced
by iNOS, during inXammatory reactions may contrib-
ute to local tissue damage [1, 5, 26, 45].

The detection of a signiWcant increase of the NOS
activity, nitrite levels and more speciWcally iNOS
immuno-staining in the cheek pouch tissue of hamsters
on the 10th day of 5-FU-induced oral mucositis, rein-
force the role of NO upon pathogenesis of this condi-
tion. According to our data, low level of iNOS gene
expression was demonstrated in a model of radiation-
induced oral mucositis [57]. However, the role of NO
on chemotherapy-induced oral mucositis was not yet
demonstrated.

Interestingly, a reasonable amount of iNOS staining
was noted even in the cheek pouch epithelium of ham-
sters not subjected to oral mucositis. We believe that
iNOS can be constitutively expressed in this normal
epithelium in response to the highly contaminated oral

environment, but additional studies are necessary in
order to conWrm this hypothesis. It was also observed
that the treatment with both aminoguanidine and
1,400 W caused a signiWcant decrease of iNOS
immuno-staining in the cheek pouches of hamsters
when compared with the group of animals subjected to
experimental mucositis by 5-FU that did not receive
treatment. This Wnding may be a consequence of the
reduction of inXammatory cell inWltration in the con-
nective tissue induced by these NOS inhibitors, leading
to decreased iNOS expression. According to our data,
it has been demonstrated that N-Iminoethyl-L-lysine
attenuated the inducible NO synthase immunoreactiv-
ity in adjuvant-treated rats [8].

Thus, this study has demonstrated for the Wrst time
that aminoguanidine and 1,400 W display substantial
protective eVects against experimental mucositis
induced by 5-FU. These results associated with the
detection of NOS activity, increased nitrite levels and
iNOS immuno-staining in the cheek pouches of ham-
ster subjected to oral mucositis suggest that endoge-
nous NO, via iNOS, is involved in mucosal damage and
in the inXammatory events leading to 5-FU-induced
oral mucositis. Elucidation of the mechanism involved
on 5-FU-induced mucositis should lead to improved
control of this dose-limiting and costly side eVect of
cancer therapy.

Acknowledgments The authors thank Maria Silvandira França
Pinheiro, Department of Physiology and Pharmacology, and José
Ivan Rodrigues de Sousa, Department of Morphology, Faculty of
Medicine, Federal University of Ceará, Brazil, and Fabiola Leslie
A. C. Mestriner, Department of Pharmacology, Faculty of Medi-
cine, Ribeirão Preto, SP, Brazil for technical assistance. This
work was supported by the Brazilian Agency for ScientiWc and
Technological Development (CNPq; grant 403676/2004–2005)
and Fundação Cearense de Apoio ao Desenvolvimento CientíW-
co e Tecnológico (FUNCAP; grant 737/03).

References

1. Ajuebor MN, Virag L, Flower RJ, Perretti M, Szabo C (1998)
Role of inducible nitric oxide synthase in the regulation of
neutrophil migration in zymosan-induced inXammation.
Immunology 95(4):625–630

2. Allaker RP, Mendez LSS, Hardie JM, Benjamin N (2001)
Antimicrobial eVect of acidiWed nitrite on periodontal bacte-
ria. Oral Microbiol Immunol 16:253–256

3. Beckman JS (1996) Oxidative damage and tyrosine nitration
from peroxynitrite. Chem Res Toxicol 9(5):836–844 (review)

4. Beckman JS, Koppenol WH (1996) Nitric oxide, superoxide,
and peroxynitrite: the good, the bad, and ugly. Am J Physiol
271:C1424–C1437

5. Brenner T, Brocke S, Szafer F, Sobel RA, Parkinson JF,
Perez DH, Steinman L (1997) Inhibition of nitric oxide syn-
thase for treatment of experimental autoimmune encephalo-
myelitis. J Immunol 158(6):2940–2946
123



Cancer Chemother Pharmacol (2007) 59:603–612 611
6. Caballero GA, Ausman RK, Quebbeman EJ (1985) Long-
term, ambulatory, continuous IV infusion of 5-FU for the
treatment of advanced adenocarcinomas. Cancer Treat Rep
69(1):13–15

7. Chen JC, Chen HM, Shyr MH, Fan LL, Chi TY, Chi CP,
Chen MF (2000) Selective inhibition of inducible nitric oxide
in ischemia-reperfusion of rat small intestine. J Formos Med
Assoc 99(3):213–218

8. Connor JR, Manning PT, Settle SL, Moore WM, Jerome GM,
Webber RK, Tjoeng FS, Currie MG (1995) Suppression of
adjuvant-induced arthritis by selective inhibition of inducible
nitric oxide synthase. Eur J Pharmacol 273(1–2):15–24

9. Crow JP, Beckman JS (1996) The importance of superoxide
in nitric oxide-dependent toxicity: evidence for peroxynitrite-
mediated injury. Adv Exp Med Biol 387:147–161 (review)

10. Cuzzocrea S, Mazzon E, Calabro G, Dugo L, de Sarro A, Van
De Loo FA, Caputi AP (2000) Inducible nitric oxide syn-
thase-knockout mice exhibit resistance to pleurisy and lung
injury caused by carrageenan. Am J Respir Crit Care Med
162(5):1859–1866

11. Cuzzocrea S, Zingarelli B, Hake P, Salzman AL, Szabo C
(1998) AntiinXammatory eVects of mercaptoethylguanidine,
a combined inhibitor of nitric oxide synthase and peroxyni-
trite scavenger, in carrageenan-induced models of inXamma-
tion. Free Radic Biol Med 24(3):450–459

12. Da S Rocha JC, Peixoto ME, Jancar S, de Q Cunha F, de A
Ribeiro R, da Rocha FA (2002) Dual eVect of nitric oxide in
articular inXammatory pain in zymosan-induced arthritis in
rats. Br J Pharmacol 136(4):588–596

13. Dal Secco D, Paron JA, Oliveira SHP, Ferreira SH, Silva JS,
Cunha FQ (2003) Neutrophil migration in inXammation: ni-
tric oxide inhibits rolling, adhesion and induces apoptosis. Ni-
tric Oxide 9:153–164

14. Dreizen S, McCredie K, Keating M, Bodey G (1982) Oral
infections associated with chemotherapy in adults with acute
leukemia. Postgrad Med 71(6):133–138, 143–146

15. Elting L, Cooksley C, Chambers M, Cantor S, Manzullo E,
Rubenstein E (2003) The burdens of cancer therapy. Clinical
and economic outcomes of chemotherapy-induced mucositis.
Cancer 98(7):1531–1539

16. Epstein JB, Silverman S Jr, Paggiarino DA, Crockett S, Schu-
bert MM, Senzer NM, Lockhart PB, Gallagher NJ, Petterson
DE, Leveque FG (2001) Benzydamine HCl for prophylaxis of
radiation-induced oral mucositis: results from a multicenter,
randomized, double-blind, placebo-controlled clinical trial.
Cancer 92(4):875–885

17. Estrada C, Gomez C, Martin C, Moncada S, Gonzalez C
(1992) Nitric oxide mediates tumor necrosis factor-alpha
cytotoxicity in endothelial cells. Biochem Biophys Res Com-
mun 186(1):475–482

18. Franco-Penteado CF, De Souza I, Teixeira SA, Ribeiro Da
Silva G, De Nucci G, Antunes E (2001) Involvement of nitric
oxide on the peritoneal neutrophil inXux induced by staphy-
lococcal enterotoxin B in mouse. Toxicon 39(9):1383–1386

19. Franco-Penteado CF, De Souza I, Teixeira SA, Ribeiro Da
Silva G, De Nucci G, Antunes E (2001) Role of nitric oxide
on the increased vascular permeability and neutrophil accu-
mulation induced by staphylococcal enterotoxin B into the
mouse paw. Biochem Pharmacol 61(10):1305–1311

20. Garvey EP, Oplinger JA, FurWne ES, KiY RJ, Laszlo F,
Whittle BJ, Knowles RG (1997) 1,400W is a slow, tight bind-
ing, and highly selective inhibitor of inducible nitric-oxide
synthase in vitro and in vivo. J Biol Chem 272(8):4959–4963

21. Gomes DA, Reis WL, Ventura LL, Giusti-Paiva A, Elias LL,
Cunha FQ, Antunes Rodrigues J (2004) The role of carbon
monoxide and nitric oxide in hyperosmolality-induced atrial

natriuretic peptide release by hypothalamus in vitro. Brain
Res 1016(1):33–39

22. GriYths MJD, Messent M, MacAllister RJ, Evans TW (1993)
Aminoguanidine selectively inhibits inducible nitric oxide
synthase. Br J Pharmacol 110(3):963–968

23. Hall PD, Benko H, Hogan KR, Stuart RK (1995) The inXu-
ence of serum tumor necrosis factor-alpha and interleukin-6
concentrations on nonhematologic toxicity and hematologic
recovery in patients with acute myelogenous leukemia. Exp
Hematol 23(12):1256–1260

24. Hickey MJ, Kubes P (1997) Role of nitric oxide in regulation
of leucocyte-endothelial cell interactions. Exp Physiol
82(2):339–348 (review)

25. Hickey MJ, Sharkey KA, Sihota EG, Reinhardt PH, Macm-
icking JD, Nathan C, Kubes P (1997) Inducible nitric oxide
synthase-deWcient mice have enhanced leukocyte-endothe-
lium interactions in endotoxemia. FASEB J 11(12):955–964

26. Hierholzer C, Harbrecht B, Menezes JM, Kane J, MacMick-
ing J, Nathan CF, Peitzman AB, Billiar TR, Tweardy DJ
(1998) Essential role of induced nitric oxide in the initiation
of the inXammatory response after hemorrhagic shock. J Exp
Med 187(6):917–928

27. Hsu SM, Raine L (1981) Protein A, avidin, and biotin in immu-
nohistochemistry. J Histochem Cytochem 29(11):1349–1353

28. Ischiropoulos H, Zhu L, Chen J, Tsai M, Martin JC, Smith
CD, Beckman JS (1992) Peroxynitrite-mediated tyrosine
nitration catalyzed by superoxide dismutase. Arch Biochem
Biophys 298(2):431–437

29. Kendall HK, Marshall RI, Bartold PM (2001) Nitric oxide
and tissue destruction. Oral Dis 7:2–10

30. Kokal WA (1985) The impact of antitumor therapy on nutri-
tion. Cancer 55(Suppl 1):273–278

31. Kong SK, Yim MB, Stadtman ER, Chock PB (1996) Perox-
ynitrite disables the tyrosine phosphorylation regulatory
mechanism: lymphocyte-speciWc tyrosine kinase fails to phos-
phorylate nitrated cdc2(6-20)NH2 peptide. Proc Natl Acad
Sci USA 93(8):3377–3382

32. Krenger W, Ferrara JL (1996) Dysregulation of cytokines
during graft-versus-host disease. J Hematother 5(1):3–14 (re-
view)

33. Krenger W, Ferrara JL (1996) Graft-versus-host disease and
the Th1/Th2 paradigm. Immunol Res 15(1):50–73

34. Kröncke K, Fehsel K, Kolb-Bachofen V (1997) Nitric oxide:
cytotoxicity versus cytoprotection—how, why, when, and
where? Nitric Oxide: Biol Chem 1(2):107–120

35. Kubes P, Suzuki M, Granger DN (1991) Nitric oxide: an
endogenous modulator of leukocyte adhesion. Proc Natl
Acad Sci USA 88(11):4651–4655

36. Lappin DF, Kjeldsen M, Sander L, Kinane DF (2000) Induc-
ible nitric oxide synthase expression in periodontitis. J Peri-
odontal Res 35(6):369–373

37. Laurent M, Lepoivre M, Tenu J (1996) Kinetic modelling of
the nitric oxide gradient generated in vitro by adherent cells
expressing inducible nitric oxide synthase. Biochem J
314:109–113

38. Lefer AM, Lefer DJ (1996) The role of nitric oxide and cell
adhesion molecules on the microcirculation in ischaemia-rep-
erfusion. Cardiovasc Res 32(4):743–751

39. Leitão RFC, Ribeiro RA, Chaves HV, Rocha FAC, Lima V,
Brito GAC (2005) Nitric oxide synthase inhibition prevents
alveolar bone resorption in experimental periodontitis in rats.
J Periodontol 76(6):956–963

40. Leitão RFC, Rocha FAC, Chaves HV, Lima V, Cunha FQ,
Ribeiro RA, Brito GAC (2004) Locally applied isosorbide
decreases bone resorption in experimental periodontitis in
rats. J Periodontol 75(9):1227–1232
123



612 Cancer Chemother Pharmacol (2007) 59:603–612
41. Lima V, Brito GAC, Cunha FQ, Rebouças CG, Falcão BAA,
Augusto RF, Souza MLP, Leitão BT, Ribeiro RA (2005)
EVects of the tumor necrosis factor-alpha inhibitors pentoxif-
ylline and thalidomide in short-term experimental oral muco-
sitis in hamsters. Eur J Oral Sci 113(3):210–217

42. Liu X, BuVington JA, Tjalkens RB (2005) NF-kappaB-
dependent production of nitric oxide by astrocytes mediates
apoptosis in diVerentiated PC12 neurons following exposure
to manganese and cytokines. Brain Res Mol Brain Res
141(1):39–47

43. Lockhart PB, Sonis ST (1979) Relationship of oral complica-
tions to peripheral blood leukocyte and platelet counts in pa-
tients receiving cancer chemotherapy. Oral Surg Oral Med
Oral Pathol 48(1):21–28

44. Lockhart PB, Sonis ST (1981) Alterations in the oral mucosa
caused by chemotherapeutic agents. A histologic study. J
Dermatol Surg Oncol 7(12):1019–1025

45. Lohinai Z, Benedek P, Feher E, GyorW A, Rosivall L, Faze-
kas A, Salzman AL, Szabo C (1998) Protective eVects of mer-
captoethylguanidine, a selective inhibitor of inducible nitric
oxide synthase, in ligature-induced periodontitis in the rat. Br
J Pharmacol 123(3):353–360. Erratum in: Br J Pharmacol
123(8):741

46. Lohinai Z, Stachlewitz R, Virag L, Szekely AD, Hasko G,
Szabo C (2001) Evidence for reactive nitrogen species forma-
tion in the gingivomucosal tissue. J Dent Res 80(2):470–475

47. Lohinai ZM, Szabó C (1998) Role of nitric oxide physiology
and pathophysiology of periodontal tissues. Med Sci Monit
4:1089–1095

48. Moncada S, Palmer RMJ, Hibbs JR, Higgs AE (1991) Nitric
oxide: physiology pathophysiology and pharmacology. Phar-
macol Rev 43:109

49. Muhl H, Dinarello CA (1997) Macrophage inXammatory
protein-1 alpha production in lipopolysaccharide-stimulated
human adherent blood mononuclear cells is inhibited by the
nitric oxide synthase inhibitor N(G)-monomethyl-L-arginine.
J Immunol 159(10):5063–5069

50. Nathan C (1997) Inducible nitric oxide synthase: what diVer-
ence does it make? J Clin Invest 100(10):2417–2423

51. Peng HB, Spiecker M, Liao JK (1998) Inducible nitric oxide:
an autoregulatory feedback inhibitor of vascular inXamma-
tion. J Immunol 161(4):1970–1976

52. Radi R, Beckman JS, Bush KM, Freeman BA (1991) Perox-
ynitrite oxidation of sulfhydryls. The cytotoxic potential of
superoxide and nitric oxide. J Biol Chem 266(7):4244–4250

53. Ralston SH, Todd D, Helfrich MH, Benjamin N, Grabowski
P (1994) Human osteoblast-like cells produce nitric oxide and
express inducible nitric oxide synthase. Endocrinology
135:330–336

54. Rubbo H, Radi L, Trugillo M, Telleri R, Kalyanaraman B,
Barnes S, Kirk M, Freeman BA (1994) Nitric oxide regulation
of superoxide and peroxynitrite-dependent lipid peroxida-
tion. Formation of novel nitrogen-containing oxidized lipid
derivatives. J Biol Chem 269(42):26066–26075

55. Sonis ST, Elting LS, Keefe D, Peterson DE, Schubert M,
Hauer-Jensen M, Bekele BN, Rader-Durlacher J, Donnelly
JP, Rubenstein EB (2004) Perspectives on cancer therapy-in-
duced mucosal injury: pathogenesis, measurement, epidemi-
ology, and consequences for patients. Cancer 100(Suppl
9):1995–2025

56. Sonis ST, Peterson RL, Edwards LJ, Lucey CA, Wang L,
Manson L, Login G, Ymamkawa M, Moses G, Bouchard P,
Hayes LL, Bedrosian C, Dorner AJ (2000) DeWning mecha-
nisms of action of interleukin-11 on the progression of radia-
tion-induced oral mucositis in hamsters. Oral Oncol
36(4):373–381

57. Sonis ST, Scherer J, Phelan S, Lucey CA, Barron JE, O’Don-
nell KE, Brennan RJ, Pan H, Busse P, Haley JD (2002) The
gene expression sequence of radiated mucosa in an animal
mucositis model. Cell Prolif 35(Suppl 1):93–102

58. Sonis ST, Sonis AL, Lieberman A (1978) Oral complications
in patients receiving treatment for malignancies other than of
the head and neck. J Am Dent Assoc 97(3):468–472

59. Souza MH, Troncon LE, Cunha FQ, Oliveira RB (2003) De-
creased gastric tone and delayed gastric emptying precede
neutrophil inWltration and mucosal lesion formation in indo-
methacin-induced gastric damage in rats. Braz J Med Biol
Res 36(10):1383–1390

60. Souza-Filho MV, Lima MV, Pompeu MM, Ballejo G, Cunha
FQ, Ribeiro RA (1997) Involvement of nitric oxide in the
pathogenesis of cyclophosphamide-induced hemorrhagic cys-
titis. Am J Pathol 150(1):247–256

61. Stefanovic-Racic M, Stadler J, Evans CH (1993) Nitric oxide
and arthritis. Arthritis Rheum 36(8):1036–1044

62. Szabo C (1996) The pathophysiological role of peroxynitrite
in shock, inXammation, and ischemia-reperfusion injury.
Shock 6(2):79–88

63. Szabo C, Ferrer-Sueta G, Zingarelli B, Southan GJ, Salzman
AL, Radi L (1997) Mercaptoethylguanidine and guanidine
inhibitors of nitric-oxide synthase react with peroxynitrite
and protect against peroxynitrite-induced oxidative damage.
J Biol Chem 272(14):9030–9036

64. Veihelmann A, Landes J, Hofbauer A, Dorger M, ReWor HJ,
Messmer K, Krombach F (2001) Exacerbation of antigen-in-
duced arthritis in inducible nitric oxide synthase-deWcient
mice. Arthritis Rheum 44(6):1420–1027
123


	Role of nitric oxide on pathogenesis of 5-Xuorouracil induced experimental oral mucositis in hamster
	Introduction
	Materials and methods
	Animals
	Materials
	Induction of experimental oral mucositis
	Experimental groups
	Macroscopic analysis of cheek pouch
	Histopathological analysis
	Myeloperoxidase assay
	Determination of nitric oxide synthase activity
	Determination of nitrite levels
	Immunohistochemical reaction for induced nitric oxide synthase
	Statistical analysis

	Results
	EVect of Nu-nitro-L-arginine methyl ester, aminoguanidine and 1,400 W in oral mucositis
	Myeloperoxidase activity
	Nitric oxide synthase activity
	Nitrite levels
	Immunohistochemical reaction for induced nitric oxide synthase

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


