Original article Folia

Neuropathologica

Increased nitric oxide levels in cerebellum of cachectic rats
with Walker 256 solid tumor

Fabio Leandro Fenner?, Flavia Alessandra Guarnier?, Sara Santos Bernardes!, Leandra Naira Zambelli Ramalho?,
Rubens Cecchini?, Alessandra Lourenco Cecchinit!

Laboratério de Patologia Molecular, Universidade Estadual de Londrina (UEL), Londrina, 2Laboratério de Fisiopatologia e Radicais
Livres, Universidade Estadual de Londrina (UEL), Londrina, 3Departamento de Patologia e Medicina Legal, Universidade
de Sao Paulo, Ribeirdao Preto, Brasil

Folia Neuropathol 2015; 53 (2): 139-146 DOI: 10.5114/fn.2015.52410

Abstract

In cancer cachexia, the role of nitric oxide (NO) in the central nervous system remains unclear. Cerebellar degen-
eration has been reported in cancer patients, but the participation of NO has not been studied. Thus, this study
investigated the mechanism of oxidative cerebellar injury in a time-course cancer cachexia experimental model.
The cachexia index s progressive and evident during the evolution of the tumor. Nitric oxide and lipid hydroperoxi-
dation quantification was performed using a very sensitive and precise chemiluminescence method, which showed
that both analyzed parameters were increased after tumor implantation. In the day 5 group, NO was significantly
increased, and this experimental time was chosen to treat the rats with the NO inhibitors N-nitro-L-arginine methyl
ester (L-NAME) and aminoguanidine (AG). When treated with NO inhibitors, a significant decrease in both NO and
linid hydroperoxide levels occurred in the cerebellum. 3-nitrotyrosine was also analyzed in cerebellar tissue by immu-
nohistochemistry; it was increased at the three experimental time points studied, and decreased when treated with
L-NAME and AG. Besides demonstrating that lipid hydroperoxidation in the cerebellum of rats with cachexia increas-
es in a time-dependent manner, this study is the first to describe the participation of NO and its oxidized product
3-NT in the cerebellum of cachectic rats bearing the Walker 256 solid tumor.
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Introduction ed in rats implanted with Walker 256 solid tumor

Cachexia is characterized by marked metabolic [10], which leads to cachectic syndrome very quickly.

alterations leading to massive weight loss, anore-
xia, asthenia and anemia [25]. Additionally, there
is an inappropriate increase in energy expenditure, ~ course of neoplastic diseases [16]. Brain and nervous
defects in protein, carbohydrate and lipid metabo-  tissue are prone to oxidative damage for several rea-
lism and muscle loss. The role of oxidative stress in ~ sons. The central nervous system (CNS) has a high
the mechanism of muscle wasting was investigat- rate of oxygen consumption, a high amount of poly-

Brain weight loss is also observed [6] and cerebellar
degeneration with loss of Purkinje cells occurs in the
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unsaturated fatty acid and also many neurotrans-
mitters which are autoxidizable molecules [11].

Nitric oxide (NO) is a highly reactive gas mole-
cule that can either function as a beneficial physio-
logical agent utilized for essential functions such as
vasodilation, ischemia protection, and neurotrans-
mission, or as a pathological agent that causes or
exacerbates diseases, such as septic shock, cardiac
hypertrophy and diseases of the central nervous sys-
tem. Whether NO is helpful or harmful depends on
a variety of factors, such as the cellular environment
in which NO is released, and the dose released [4,8].
In the CNS, nitric oxide and its redox related forms
have been reported to be both neuroprotective and
neurodestructive [3]. However, several groups have
been unable to demonstrate NO’s direct toxicity or
if it may contribute to oxidative stress and oxidative
lesions of the CNS.

As a neuroprotector, NO is able to promptly react
with free radicals in the medium, which allows it
to act as a chain reaction terminator [7]. Cytotoxic
NO may cause nitrosative and oxidative stress [2].
The death of cells or the ionic gradient collapse during
energy depletion may cause a massive release of glu-
tamate by neurons, causing a prolonged increase of
intracellular Ca?*, and overproduction of NO through
nNOS [11]. According to Halliwell and Gutteridge
[11], this excitotoxicity may become a vicious circle
where more glutamate is released with concomi-
tant generation of 0,°~ and NO. As a result, there is
overproduction of peroxynitrite (ONOO*®"), one of the
most potent reactive species.

In this study we characterized the participation
of nitrosative and oxidative stress in paraneoplastic
cerebellar degeneration in a Walker 256 tumor pro-
gression experimental model in rats.

Material and methods
Animals

Adult male Wistar rats (250-350 g; n = 6/group)
were obtained from the Animal House of the Biolog-
ical Sciences Center at the Universidade Estadual de
Londrina. The animals were given water and com-
mercial food (Nuvilab CR1, Nuvital Nutrients Ltda.,
Curitiba, Brazil) ad libitum. The food intake was mea-
sured daily. The experimental protocol was approved
by the Institutional Animal Care and Utilization
Committee of our institution (protocol 7794/2011).
In all respects, the protocols conformed to the Guide
for the Care and Use of Laboratory Animals.
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Reagents

All the chemicals were obtained from Merck
(Darmstadt, Germany) or Sigma-Aldrich (St. Louis,
USA) laboratories.

Tumor implantation

Rats were divided into six groups designated as
controls and tumor hosts at three different days of
tumor progression (5%, 10t and 14t). The last time of
sacrifice was determined based on the average time
of survival, which was 15 days after tumor implanta-
tion. Tumor hosts at day 5 of tumor progression were
treated with two different NOS inhibitors (amino-
guanidine hydrochloride — AG [50 mg/kg] or N-nitro-
L-arginine methyl ester — L-NAME [20 mg/kg daily,
i.p.]. The control group received a 0.5 ml injection of
PBS, and the tumor-bearing rats received a Walk-
er 256 cell suspension (8.0 x 107 cells in 0.5 ml of
PBS) injected subcutaneously on the right hind limb
flank. The treated day 5 group received the same cell
suspension as well as NOS inhibitors. Tumor cells
were maintained in our laboratory as described by
Guarnier et al. [10]. Three additional groups were
included: a pair-fed group, where 6 animals inoc-
ulated with PBS were fed with the same amounts
of food consumed by the tumor groups for 14 days,
and a control group treated with NOS inhibitors for
5days.Ondays 5, 10and 14 aftersubcutaneous tumor
implantation, the animals in both tumor groups were
weighed and killed by decapitation. The tumor was
carefully excised and weighed. The cachexia index
was determined considering initial and final body
weight, tumor weight and body weight gain in con-
trol groups, according to the formula: [(initial body
mass — final body mass + body mass gain of con-
trol) / (initial body mass + body mass gain of control)]
X 100% [10]. The cachexia index was calculated in
order to determine the pattern of general wasting.
The cerebellum was rapidly excised, weighed, and
stored in liquid nitrogen until use (at most, 60 days
of storage). Since the pair-fed group did not develop
cachexia, all experimental results were compared to
the control.

Tissue preparation

Cerebellum was placed on ice and gently homo-
genized manually for approximately 2 minutes in
a Potter glass tube in Na,CO, 2 mM, pH 8.5, previ-
ously bubbled with N, to remove O,. The samples
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were centrifuged at 1,500 x g for 10 min at 4°C in
a Jouan BR4i Multifunction centrifuge (Thermo Elec-
tron Corporation, USA). The supernatants were dis-
tributed in 4 Eppendorf tubes and kept in ice away
from light until the moment of analysis. For the NO
and lipid hydroperoxide quantification, samples were
prepared in the concentration of 1.25 and 15 mg/ml,
respectively.

Quantification of nitric oxide

The production of nitric oxide (NO) was quanti-
fied in the cerebellum in the experimental animals
through the technique based on the reaction of che-
miluminescence initiated in the presence of H,0,
and luminol. The chemiluminescence was detected
at 302 nm as described by Kikuchi et al. [14], modi-
fied by Terra et al. [22]. Briefly, a solution composed
by 360 uM Luminol/3 mM DFX was added to an equal
volume of solution of 200 mM H,O, and 1400 ul
of buffer (2 mM Na,CO,). Both solutions were pre-
pared with the same buffer, 2 mM Na,CO,, pH 8.5,
previously bubbled with N,. The mixture was incu-
bated at approximately 25°C under mild agitation
for 5 min. After this period, this solution (180 puM
Luminol/1.5 mM DFX/200 mM H,0,) was added to
the sample (1.25 mg/ml) through a precision syringe
(SGE, Australia). The chemiluminescence spectrum
was monitored for 5 minutes using a luminometer
model TD 20/20 (Turner Designs, USA) with detec-
tion capacity in wavelengths from 300 to 650 nm and
68.5% sensitivity. The luminometer was connected to
a microcomputer through the program Spreadsheet
Interface v1.0, making possible the registration of
the emitted chemiluminescence. The program Origin
v.7.5 was used for construction of the chemilumi-
nescense curves. Samples were analyzed in quadru-
plicate.

Cerebellum 3-nitrotyrosine
immunohistochemistry

The cerebellum preparations were also submit-
ted to immunohistochemical analysis of 3-nitroty-
rosine (3-NT), a protein nitrosative/oxidative stress
biomarker. Briefly, 3-um-thick sections mounted
on poly-l-lysine-coated slides were deparaffinized,
rehydrated, immersed in 10 mmol/| citrate buffer,
pH 6.0, and submitted to heat-induced epitope
retrieval using a vapor lock for 45 min. The slides
were rinsed with phosphate-buffered saline (PBS)
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and immersed in 3% hydrogen peroxide for 20 min
to block endogenous peroxidase. Non-specific pro-
tein binding was blocked with normal serum (Vec-
tastain Elite ABC Kit, Universal, Vector Laboratories
Inc., Burlingame, CA, USA) for 30 min. The sections
were then incubated with monoclonal primary anti-
bodies specific for nitrotyrosine (clone HM11; Santa
Cruz Biotechnology, Santa Cruz, USA) for 2 h at room
temperature (25°C) in a humid chamber. Following
washes in PBS, biotinylated pan-specific universal
secondary antibody (Vectastain Elite ABC Kit, Univer-
sal, Vector Laboratories Inc.) was applied for 30 min.
Next, the slides were incubated with the avidin-
biotin-peroxidase complex (Vectastain Elite ABC Kit,
Universal, Vector Laboratories Inc.) for 30 min and
developed with a NovaRed kit (Vector Laborato-
ries Inc.) for 5 min. The slides were counterstained
with hematoxylin, dehydrated and mounted with
Permount (Biomeda, Foster City, CA, USA). As nega-
tive controls, all specimens were incubated with an
isotope-matched control antibody under identical
conditions. The immunolabeling was considered to
be positive when distinct red nuclear or cytoplasmic
staining was present homogeneously. The percent-
age of nitrotyrosine-positive cells was obtained by
Image ) software developed at the U.S. National Insti-
tute of Health and available on the internet at http://
rsb.info.nih.gov/nih image. Results are presented as
% mean + SEM.

Determination of oxidative stress
by highly sensitive chemiluminescence
induced by tert-butyl hydroperoxide

Reaction mixtures were placed in 2-ml lumines-
cence tubes containing the following: cerebellum
homogenate of control or experimental groups
(15 mg/ml), 30 mM KH,PO,/K,HPO, buffer (with
120 mM KCl, pH 7.4), and 3 mM tert-butyl hydro-
peroxide,inafinalvolumeof 1 ml. Thetert-butylhydro-
peroxide-initiated chemiluminescence (CL) reaction
was assessed in a TD/20 20 luminometer (Turner
Designs), with a response range of 300-650 nm.
The tubes were kept in the dark until the moment
of assay, which was carried out in a room at 30°C
[9,17]. For each animal, a 60-min curve, where each
point represented the differential smoothing of 600
readings, was obtained by interpolation. The results
were expressed in relative light units/g tissue (RLU/g
tissue).
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Statistical analysis

The results are shown as means + SEM. Two-way
ANOVA with the Bonferroni post-hoc test was used
to analyze the lipid peroxidation, NO and the entire
chemiluminescence curve. Quantitative results were
analyzed by one-way ANOVA with the Bonferroni
post-hoc test. Statistical analysis was performed
using GraphPad Prism 4.0 and 5.0 (GraphPad, San
Diego, CA).

Results
Characterization of cachexia

Table | shows the cachexia index, mass of the
tumor and the cerebellum absolute weight variation
with or without AG and LNAME treatment on day 5.
Animals with a cachexia index equal to or greater
than 10% were considered as suffering from cache-
xia. The cachexia index is progressive and evident
during evolution of the tumor. The animals did not
present cachexia on D5, and when the animals were
treated with aminoguanidine (D5AG) or L-NAME
(D5LN) there was no difference when compared to
D5. The same result could be seen in tumor weight,
as the variation between D5, D5AG and D5LN was
not significant. The cerebellum absolute weight
did not change, although it showed an increase in
weight variation in relation to the control group on
day 5 and day 10. When the day 5 group was treat-
ed with L-NAME (day 5LN) and aminoguanidine (day
5AG) the percentage of weight variation was neg-
ative compared to the control, or the weight gain

variation of the cerebellum was reverted by these
treatments.

Nitric oxide quantification by
chemiluminescence and 3-nitrotyrosine
by immunohistochemistry

Figure 1 illustrates the chemiluminescence
induced by H,O,-luminol for the quantification of
NO in the cerebellum of control and tumor-bear-
ing rats on day 5, day 10, day 14 (Fig. 1A) and day 5
treated with aminoguanidine (AG) and L-NAME (LN)
(Fig. 1B). As observed in Figure 1A, the NO levels
in cerebellum of the day 5 group was significantly
increased compared to the control (p < 0.0001), so
this experimental day was chosen to evaluate the
effect of NO inhibitor treatment. The groups of ani-
mals pair-fed D5, D10 and D14 did not show levels
of NO significantly higher compared to control PBS.
Thus, it was demonstrated that the decrease in food
intake does not interfere with increased levels of
NO, and it was not subjected to further investiga-
tion. Figure 1B shows the NO quantification in the
cerebellum of 5-day tumor-bearing rats treated with
inhibitors of cNOS (LNAME) and iNOS (aminoguani-
dine), D5AG and D5LN, respectively. The NO levels of
D5AG and D5LN were significantly decreased com-
pared to group D5 (p < 0.0001). The inhibition with
LNAME is 1300 times greater than with AG. Figure 2
shows the increase of labeled area for 3-nitroty-
rosine (3-NT) of the day 5 (6.40 + 0.15%), day 10
(10.99 + 0.098%) and day 14 (14.12 + 0.14%) groups
when compared to the control (2.14 + 0.07%). When

Table I. Cachexia index, tumor and cerebellum weights in tumor-bearing rats in NO inhibitor treated and

non-treated animals

Tumor weight (g) Cachexia index (%) Cerebellum
Weight (mg) Percent variation

Control - - 0.287 +0.0072 -

D5 6.192 +1.11° 7.88 +0.012 0.290 + 0.0062 +1.04
D10 22.057 +2.55P 14.02 +1.05° 0306 +0.012 +6.60
D14 38.84 +5.89¢ 17.91+2.25° 0.287 +0.012 0.00
D5AG 4.73+0.332 6.23 + 0.65° 0.283 + 0.01° -1.39
D5LN 4.32 £0.49? 8.07 £1.08% 0.280 + 0.012 —2.43

Groups represent number of days after subcutaneous injection of 8.0 x 107 tumor cells with or without treatment with aminoguanidine (AG — 50 mg/kg daily,
ip.) or L-NAME (LN — 20 mg/kg daily, i.p.). Each group consisted of 6 animals. Control received an injection of 0.5 ml of PBS. Cachexia index = [(initial body
mass — final body mass + tumor weight + body mass gain of control)/(initial body mass + body mass gain of control)] x 100%. Values are expressed as mean
+ SE. Positive values represent gain, and negative values decrease when compared with the control group. (=) in spaces means no comparison. In statistical
evaluation, in the same column, different letters indicate statistical differences (p < 0.05 evaluated by one-way ANOVA, followed by Bonferroni’s multiple com-
parison test), while the same letters indicate no statistical differences (n = 6 for all groups).
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Fig. 1. Nitric oxide quantification by chemiluminescence. (A) Nitric oxide quantification of tumor-bearing
rats on day 5, day 10, day 14.*p < 0.0001 compared to control. (B) Effect of NOS inhibitors on the level of NO
measured by chemiluminescence initiated by H,O,-luminol in cerebellum of tumor-bearing rats on day 5,
#p < 0.0001 compared to D5. ¥p < 0.0001 compared to day 5LN (n = 6 for all groups).

3-NT labeled area (%)

Control Day 5 Day 5LN Day 5AG Day 10 Day 14
Groups

Fig. 2. 3-Nitrotyrosine (3-NT) immunohistochemistry in cerebellum. Groups were compared using one-way
ANOVA with Bonferroni’s post hoc test and p < 0.05 was considered significant. *p < 0.05 in relation to
control group; #p < 0.05 in relation to day 5 group. AG — aminoguanidine, L-NAME — N-nitro-L-arginine
methyl ester. Above, representative photomicrographs (20x) of immunohistochemistry of 3-NT labeled area:
A) control group; B) day 5; C) day 5LN; D) day 5AG; E) day 10; F) day 14 (n = 6 for all groups).
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Fig. 3. Lipid hydroperoxide quantification of cerebellum determined by highly sensitive chemiluminescence
induced by tert-butyl hydroperoxide. (A) Lipid hydroperoxide formation on day 5, day 10 and day 14 of
cerebellum of tumor-bearing rats, *p < 0.0001 compared to control. (B) Effect of NOS inhibitors on the lev-
els of lipid hydroperoxides in the cerebellum of tumor-bearing rats on day 5. #¥p < 0.0001 compared to D5

(n = 6 for all groups).

D5 was treated with L-NAME (3.61 + 0.11%) and AG
(3.30 + 0.08%) 3-NT levels decreased significantly.

Quantification of lipid hydroperoxides
by tert-butyl hydroperoxide initiated
chemiluminescence

Figure 3A shows the levels of lipid hydroperox-
ides formed in tumor-bearing rats during cachexia
progression. The curves of the day 5, day 10 and
day 14 groups were significantly higher (p < 0.0001)
compared to the control group. Figure 3B shows
the levels of lipid hydroperoxides in cerebellum of
tumor-bearing rats on D5 days treated with inhibi-
tors of cNOS (LNAME) and iNOS (aminoguanidine),
respectively day 5LN and day 5AG. The groups and
day 5LN and day 5AG curves were significantly lower
than group D5.

Discussion

Tumor growth induces marked changes in the oxi-
dative metabolism of distant tumor-free tissues and
organs of the host [24], and these tumor effects on
the brain are poorly understood. Cerebellar degener-
ation is observed in the course of neoplastic diseas-
es (paraneoplastic neurological syndrome), defined
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as non-metastatic neurological complications [5].
The release of neurotoxic factors by microglia has
a triggering role in the development of neurological
disorders. After microglia and astrocyte activation,
there is a massive release of TNF-a, ROS and RNS,
especially NO, which contributes to the establish-
ment of neurodegeneration [18]. In low concentra-
tions, NO acts as a powerful lipid peroxidation chain
reaction terminator, but its pro-oxidant activity is
evidenced when NO is generated in high concentra-
tions [21].

It has been shown that Walker 256 tumor growth
causes oxidative stress in the brain [6]. Howev-
er, the participation of NO in the cellular damage in
the establishment of cerebellar degeneration in the
cachectic state has not been demonstrated. Oxidative
stress was demonstrated in the hippocampus, cortex
and cerebellum of Walker 256 tumor-bearing rats by
the determination of thiobarbituric acid reactive sub-
stances (TBARS) and enzymatic activities (superoxide
dismutase and catalase) [6]. The TBARS technique was
used as a marker of oxidative stress evaluation. In this
study, a very sensitive tert-butyl hydroperoxide-initi-
ated chemiluminescence assay (CL) was used to ana-
lyze the levels of lipid peroxides in the cerebellum of
cachectic tumor-bearing rats. This assay indicates that
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the increase in CL is closely related to the oxidative
stress previously suffered by the tissue [10,19].

From D5 to D14 there was a progressive body
weight loss, compatible to the cachectic syndrome,
and it remained even when NOS inhibitors were
administered. The same happened for the tumor
weight and the progression of the cachexia index,
which did not change with the use of inhibitors.
The cerebellum weight showed a different behavior.
Although there is no statistical difference, day 5 and
day 10 showed an increase of weight variation com-
patible with the establishment of a systemic inflam-
matory state in cancer disease [20]. This evidence
was better observed when AG and LN were admin-
istered on day 5 and the cerebellum weight variation
decreased.

Although oxidative stress was evidenced, the
participation of NO in cachexia-induced cerebellar
degeneration remained unclear. In the present study,
cachectic state establishment, NO production, 3-NT
quantification and lipid peroxidation of the cerebel-
lum were analyzed during progression of the cachec-
tic state in Walker 256 tumor-bearing rats. The can-
cer-cachectic state of the present model showed that
there was significant NO production on D5 in the cer-
ebellum of tumor-bearing rats that decreased when
AG and LNAME were used, indicating that both NO
production pathways (iNOS and cNOS) are induced.
The inhibition by LNAME reduced NO production 1,300
fold compared to AG inhibition. This fact suggests
that the NO production through constitutive NOS,
mainly nNOS, plays a crucial role in the cerebellum
of cachectic rats just before macro alterations start
to happen. In chemically controlled NO production by
the reaction with potassium iodate [14], NO reacts
with H,0, in an aqueous phase, giving a stronger
oxidizing species, peroxynitrite (ONOO"), under basic
conditions. cPTIO, a specific NO scavenger [22], was
used to provide additional evidence that the object of
analysis was in fact NO. The scavenger decreased in
a dose-dependent manner the light emission in both
biological and chemical systems [23].

Nitrotyrosine (3-NT) is a product of tyrosine oxi-
dation mediated mainly by endogenous peroxyni-
trite (ONOO"). This molecule is a powerful oxidant
that interacts with many proteins, which can lead
to the formation of nitrotyrosine, the oxidation of
thiol groups, lipid peroxidation induction and even
DNA damage, as well as the depletion of stored
antioxidants [11]. The occurrence of 3-NT in tissues
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is @ marker of ONOO™ formation and, therefore, the
presence of NO and 0,*"[12]. Nitrotyrosine was mea-
sured in the cerebellum and was coordinated with
the increase in NO chemiluminescence on day 5.
Increased levels of 3-NT in the day 10 and day 14
groups can be explained by the capacity of deposits
of this oxidized protein on the tissue to induce pro-
teotoxicity. When AG or L-NAME was used in the day
5 group, this protein aggregate decreased, as verified
by NO chemiluminescence, which also decreased.

The increase of NO on day 5 is followed by an
increase in lipid peroxidation in the cerebellum.
The lipid peroxidation evidenced at the beginning
of the cachectic state (day 5) may be dependent
on the production of NO, and probably its reaction
products with oxygen reactive substances [11]. This
was confirmed by the use of the inhibitors L-NAME
and AG, which reduced the NO production and also
membrane lipid hydroperoxide formation. Tert-butyl
hydroperoxide-initiated CL was used to evaluate the
integral level of nonenzymatic antioxidant defense.
A lower level of antioxidant as a consequence of pre-
vious oxidative stress corresponds to an accentuated
peak and a shift to the left in CL curves, giving a pos-
itive correlation between CL and lipid peroxidation
[15,17]. In this study, we demonstrated a qualitative
difference in all CL curves, indicating alterations in
cell membrane properties, such as antioxidant com-
position, which modifies the kinetics pattern by
exhausting the oxidizable species [1].

Michalak et al. [16] demonstrated that circulat-
ing TNF-oo and MCP-1 (macrophage chemoattractant
protein-1), together with decreased levels of insu-
lin and thyroxine, may produce a milieu of factors
involved in the mechanism of the development of
cerebellar degeneration in cachectic hepatoma-bear-
ing rats, but the overproduction of NO in the cere-
bellum was not mentioned. The lipid peroxidation
profile shows that on all days of tumor progression
there was a significant increase in cell membrane
lesions. The same pattern of oxidative injury was
also observed in muscle of tumor-bearing rats in the
same period of cachexia progression [10], and more,
that muscular waste is evident, and that oxidative
stress is part of the modulation process of ubiqui-
tin-proteasome-induced proteolysis.

According to Keynes et al. [13], the concentra-
tion of NO in the cerebellum is dependent on its
generation and degradation rate. The consumption
of NO by these cells decreases by 50% when lipid
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peroxidation inhibitors are used. Changes in the
activity of the total antioxidants impair the antioxi-
dant defense capacity of the brain and may lead to
oxidative stress. Walker 256 tumor growth caused
a consistent increase of chemiluminescence in the
cerebellum that probably resulted from the changes
observed in NO content.

This is the first time that nitric oxide has been
related to induced nitrosative and oxidative cerebel-
lar injury in an experimental cancer model that leads
to cachexia. It is still unclear whether the role of NO
is one of protection or harmful action in cachexia.
Nevertheless, this study reveals that in cachexia-in-
duced cerebellar degeneration, nitrosative stress and
lipid hydroperoxidation occur in a time-dependent
manner, probably induced by the high concentration
of NO produced by the cerebellum at the onset of
the cachectic state.
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