
Summary. In this study, apoptotic and anti-apoptotic
mechanisms and if present, which pathway to trigger the
apoptosis in the brains of Border Disease Virus (BDV)
infected lambs (n=10) and goat kids (n=5) were
investigated. Briefly, apoptotic (caspase 3, caspase 9)
and anti-apoptotic markers (Bcl-2), cytokine response
(TNF-α, INF-γ), reactive gliosis and myelin loss were
examined. eNOS, iNOS, caspase 9, caspase 3 and GFAP
expressions were higher in BDV infected tissues
compared to control animals (6 kids and 6 lambs)
(p<0.05). Double immunoperoxidase test revelaed that
TUNEL positive apoptotic cells showed significant
association with increased eNOS-iNOS and iNOS-BDV
expressions. However, no significant differences were
found for TNFR1, TNF-α and INF-γ expressions in BD
(p>0.05). There was a positive correlation between the
intensity of myelin loss, GFAP activity and severity of
infection. Inconclusion, as a novel finding, it is
established that eNOS and iNOS overexpressions are co-
associated with apoptosis in BDV infected neurons and
neuroglia. The results also strongly suggested that BDV
infected apoptotic cells mainly prefer the intrinsic
pathway that might be most likely related to increased
nitric oxide levels.
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Introduction

Border disease is a pestivirus infection accompanied
by central nervous system (CNS) and skeletal
abnormalities in sheep and goats (Hughes et al., 1959;
Jones et al., 1997). Affected fetuses and newborn
animals exhibit hydranencephaly, porencephaly,
cerebellar hypoplasia, microscopic hypomyelination,
neuro-degeneration, glial cell proliferation, and nodular
periarteritis (Gardiner et al., 1980; Moller et al., 1993;
Tunca et al., 2006; Nettleton and Willoughby, 2007; Kul
et al., 2008; Toplu et al., 2010).

Comprehensive studies have investigated the
relationship between pestiviruses and apoptosis (Toplu et
al., 2010; Hilbe et al., 2012). Generally, the bovine viral
diarrhea virus (BVDV), which exhibits cytopathic
properties, triggers apoptosis as a result of DNA
fragmentation in the infected cells, while the non-
cytopathic BVDV strains show antiapoptotic effects by
increasing the expression of Bcl-2 (Brownlie, 1991;
Grummer et al., 1998; Bendfeldt et al., 2003). Apoptosis
induced in pestivirus-infected cells generates different
degrees of clinical findings depending on the function
and morphological type of the cell. In the fetal period,
pestiviruses result in the death of migrating pluripotent
mesenchymal stem cells, localized especially around the
fourth ventricle in the CNS, which prevents these cells
from morphologically shaping the brain and cerebellum
(Maxie and Youssef, 2007). To date, only one study has
shown that the expression of effector caspases increases
substantially in virus-infected cells in the brain tissues of
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newborn and aborted ruminants naturally infected with
the border disease virus (BDV) (Toplu et al., 2010).
However, it is unclear whether apoptosis induced by
BDV is a direct consequence of the virus or the result of
increasing levels of inflammatory cell responses and/or
cytokines.

Within organisms, nitric oxide (NO) is available in 3
different isotypes that are synthesized by 3 different
enzymes: neuronal nitric oxide synthase (NOS) (type I),
inducible NOS (iNOS; type II), and endothelial NOS
(eNOS; type III) (Ignarro et al., 1987; Nathan, 1992).
High amounts of NO are synthesized from L-arginine by
the NOS isoenzyme, which induces apoptotic cell death
(Hibbs et al., 1987; Bonfoco et al., 1995; Heneka et al.,
1998). NO-mediated cytotoxicity was first identified in
macrophages (Hibbs et al., 1987), and it was
subsequently demonstrated that the releaseof high
amounts of NO causes apoptotic cell death in the CNS
through sequential in the mitochondrial membrane
potential, which releases cytochrome c into the cytosol
(Bonfoco et al., 1995; Heneka et al., 1998; Brookes et
al., 2000; Moriya et al., 2000).

This study investigated the relationship between the
severity of the neurohistopathological changes observed
in the brain tissues of lambs and goats that were
naturally infected with BDV and the apoptotic and anti-
apoptotic mechanisms involved. A second aim was to
study the relationship between virus-mediated-induced
apoptosis in the CNS and NO expression. 
Materials and methods

Ethics statement

Approval of Committee on the Ethics of Animal
Experiments of the Kirikkale University was not
required because the experiment did not involve any
invasive procedures for animal experiment. The study
specimens (5 kids and 10 lambs) were brought to
Kırıkkale University Veterinary Faculty Department of
Pathology for routine necropsy of died sheep, goats, and
their aborted fetuses. All the examined animals had been
submitted to the necropsyby the owners’ for routine
diagnostic procedure. Thus, none of the animals was not
sacrificed. The healthy control group animals (6 kids and
6 lambs), that had been slaughtered for human
consumption, were collected from the Kirikkale
Slaughterhouse. Only the heads of sacrifice of the
animals were purchased.
Animals and tissue samples

This samples were brought after abortion or die to
Kırıkkale University Veterinary Faculty Department of
Pathology for routine necropsy. Paraffin blocks of goat
kids (n=5) and lambs (n=10) which were previously
diagnosed as Border Disease (BD) with routine
pathologic, immunohistochemically and RT-PCR

analyses. After removal of the brains were included in
the routine pathological examination.
Histopathologic examinations

Coronal cross-sections representing parietal and
occipital hemispheres, thalamus, cornu ammonis,
cerebellum and medulla oblongata were prepared and
they were routinely examined under x20 light
microscope. Five different fields in each tissue section
were scored semi quantitatively between 0 and 3 points
in terms of each of the following criteria: neuronal
degeneration and necrosis, gliosis, myelin loss,
perivascular cell infiltration and vasculitis. According to
total score of each case, BD severity was classified as
follows; 0 point: no lesion, 1-5 points: mild, 6-10 points:
medium and 11-15 points: severe.
Immunoperoxidase examinations

A commercial streptavidin/biotin immunoperoxidase
kit (HRP, Novacastra, Newcastle UK) and commercial
primary antibodies specific to targeted antigens were
used for the demonstration of BDV, caspase 3, caspase 9,
Bcl-2, TNFR1, TNF-α, INF-γ, eNOS, iNOS and GFAP
antigens in the paraffin embedded tissue. All steps were
carried out using the commercial kit’s protocol. Briefly,
tissue sections were incubated in 3% hydrogen peroxide
(H2O2) in 10% methanol to inactivate endogenous
peroxidase activity for 15 minutes. Enzymatic digestion
(for TNF-α, INF-γ and GFAP) was performed by
incubating tissues in 0.1% Proteinase K for 10 minutes
at 37°C or heating induced antigen retrieval (for BDV,
caspase 3, caspase 9, Bcl-2, TNFR1, eNOS, iNOS) in 10
mM sodium citrate buffer pH 6.0 for 20 minutes was
applied. Sections were rinsed in phosphate-buffered
saline containing 0.4% Triton X-100 twice for 7 minutes
between the consecutive steps of the test and then
protein-blocking serum (Labvision Corp.,Fremont, CA)
was applied for 7 minutes to block non-specific binding
sites. Tissue sections were incubated 1 hour with one of
the following commercial primary antibodies in a
dilution of 1:100 (BDV, Bcl-2, caspase 3, caspase 9,
TNFR1, TNF-α, INF-γ, GFAP) and ready to use pre-
diluted antibodies (eNOS, iNOS). For negative isotype
serum control, tissue sections were incubated in normal
mouse serum in a humidity chamber. Sections were
incubated with biotinylated anti-mouse, anti-rat, anti-
rabbit Ig G secondary antibody (Novacastra, catolog no:
RE7103, USA) for 15 minutes and with the streptavidin-
peroxidase enzyme for 15 minutes at room temperature.
Finally sections were incubated in aminoethyl carbasole
(AEC) chromogen (Zymed, Lot: 60682605, USA) for 5
minutes. Sections were counterstained with Mayer’s
hematoxylin for 1 minute and mounted with aqueous
mounting medium. Immunohistochemistry (IHC) with
pestivirus antibody did not label central nervous system
tissues of uninfected healthy negative control animals

1234
Nitric oxide trigger apoptosis in the brains of border disease virus infected small ruminants



and IHC with normal mouse serum resulted in no
labeling of structures in central nervous system (CNS) of
the BDV-infected positive control animals. Informations
on the primary antibodies which are used in
immunoperoxidase tests, are given in Table 1. For each
of the immunohistochemical assays, two negative and
positive control were included. Antigen and positive
control tissue matches are; ovine and caprine thymus for
active capase 3 and caspase 9, endothelial cell line for
TNFR1, ovine and caprine thymus, lymph node and
tonsil for Bcl-2, ovine and caprine tonsil for INF-γ,
ovine and caprine lung and tonsil for iNOS, ovine and
caprine lung for TNF-α, ovine and caprine heart for
eNOS and ovine and caprine brain tissue for GFAP. As
negative controls, in primary antibody step sections were
incubated in normal mouse serum (isotype serum
control) in a humidity chamber.
BDV + iNOS and eNOS + iNOS Double labelling

Double labelling immunoperoxidase technique was
performed on tissue sections of study group animals to
demonstrate co-localisation of BDV + iNOS and eNOS
+ iNOS antigens. A HRP kit (Dako, Glostrup, Denmark)
was used for anti-rabbit BDV and anti-rabbit eNOS
antigens and an alkaline phosphatise kit (Labvision
corporation, Fremont CA) was used for anti-mouse
iNOS antigens. A HRP kit protocol was applied as the
same described above. Briefly, the sections were
quenched for 5 minutes in a 3% hydrogen peroxide
solution in methanol to block for endogenous
peroxidase. The sections were digested with 0.1 %
proteinase K (VMRD, Inc., USA) for 10 min and serum-
free protein blocking agent (Labvision Corp., Fremont,
CA) was added for 5 min to minimize background and
crossover between primar antibodies, then incubated
with the primary anti-rabbit BDV antibody for 60 min
and anti-rabbit eNOS primary antibody for 30 min at
room temperature. Following application of an anti-
rabbit biotinylated polyvalent secondary antibody for 10
min, strepavidin conjugated with horseradish peroxidise
enzyme was applied for 10 min and sections were
incubated in aminoethyl carbasole (AEC) chromogen
(Zymed, Lot: 60682605, USA) for 5 minutes for colour

reaction. The sections were rinsed with distilled water
and then anti-mouse iNOS antibody was applied onto
sections for 30 min, at room temperature. Following
application of anti-mouse biotinylated polyvalent
secondary antibody for 10 min and then streptavidin
alkaline phosphatise enzyme for 10 min. Lastly, 5-
Bromo-4 chloro-3 Indolyl Phosphate/Nitroblue
Tetrazolium (BCIP/NBT) (Thermoscientific, USA) was
applied onto sections for 30 min to develop the iNOS
stain. Positive and negative controls stained
appropriately for all stains. The cytoplasms were stained
blue/purple in iNOS positive cells and red in BDV and
eNOS-positive cells. Red and co-associated blue color
demonstration in a cell was evaluated as co-localisation
of iNOS+BDV or iNOS+eNOS antigens. 
Detection of apoptosis using TUNEL method

Terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) to specifically stain single and
double-stranded DNA breaks associated with apoptosis.
For detection of DNA fragmentation, the paraffin wax
sections of the brains, previously fixed in 10% neutral
buffered formalin solution, were stained by TUNEL
method, using a commercial kit (In Situ Cell Death
Detection Kit Roche Diagnostics; Cat. No. 11 684 817
910, Verison 13.0). The sections were stained according
to the instructions of the manufacturer. TUNEL dilution
buffer replaced TdT enzyme in negative controls, and
sections treated with DNase (5 lg/mL, Dnase type I;
Sigma) were used as positive controls and compared
with the uninfected animals.
Assessment of myelin density

To evaluate the hypomyelination degree, luxol fast
blue (LFB) staining was applied in tissue sections.
Briefly, rehidrated slides were incubated in the 1% LFB
stain overnight at 57°C in tightly sealed staining jars.
The sections were then rinsed in 95% ethanol for
removal of excess LFB and followed by distilled water
rinses. Differentiation of the sections was continued in
several changes of 70% ethanol until the grey and white
matters were clearly distinguished and rinsed few
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Table 1. Commercial cytokines used in immunochemistry.

Antibody Commercial firms/ Antibody Host Antibody Type Antigen Retrieval Method Dilution Ratio
Catalog No

eNOS Thermo Scientific Rabbit Polyclonallonal Boiling 10mM citrate buffered (pH 6.0) Ready to use
iNOS Thermo Scientific Rabbit Polyclonallonal Boiling 10mM citrate buffered (pH 6.0) Ready to use
TNF-α Thermo Scientific Rabbit Polyclonallonal Proteinase K (% 0.1) 1/100
TNF-R1 Santa Cruz Rabbit Polyclonallonal Boiling 10mM citrate buffered (pH 6.0) 1/100
IFN-γ Thermo Scientific Rabbit Polyclonallonal Proteinase K (% 0.1) 1/100
Bcl-2 Santa Cruz Rabbit Polyclonallonal Boiling 10mM citrate buffered (pH 6.0) 1/100
Caspase 3 Thermo Scientific Rabbit Polyclonallonal Boiling 10mM citrate buffered (pH 6.0) 1/100
Caspase 9 Thermo Scientific Rabbit Polyclonallonal Boiling 10mM citrate buffered (pH 6.0) 1/100
GFAP Immuno Bio Science Corp. Rabbit Polyclonallonal Proteinase K (% 0.1) 1/100



seconds in 0.05% lithium carbonate (LiCO3). Thereafter,
the sections were washed throughly by distilled water
and stained for five minutes at 60°C in a pre-heated 1%
solution of cresyl violet acetate containing 0.1% acetic
acid (pH 3.7) for counterstaining. Staining results for
LFB, the total score was evaluated as on a scale from 0:
complete myelination, 1: weak demyelination, 2:
moderate demyelination and 3: complete demyelination.
Histomorphometric analysis and statistics

Degree of positive staining was quantitatively
calculated by QWIN plus automated histomorphometry
analysis program. Briefly, At least 5 randomly selected
and consecutive 20x objective microscope fields were
photographed (Lecia DM4000 B) after calculation of
proportional (% pixels) staining area to whole fields, the
mean % pixels staining area for each case was
calculated. For statistics analysis, Mann-Whitney U-test,
on the evaluation of non-parametric data, was used to
compare caspase 3, caspase 9, Bcl-2, TNFR1, TNF-α,
INF-γ, eNOS, iNOS, TUNEL and GFAP immuno-
reactive cells and immunopositively stained areas in
infected animals with BDV and healthy negative
controls. Spearman correlation test, on the evaluation of
non-parametric data, was used to compare caspase 9-
caspase 3, eNOS-iNOS, TUNEL-caspase 3, TUNEL-
iNOS, GFAP-iNOS, immunoreactive cells and
immunopositively stained areas in infected animals with
BDV. A ‘p’ value less than 0.05 and 0.005 was evaluated
statistical significant for Mann Whitney U-test and
Spearman correlation test, respectively. SPSS 15.0
version statistics analysis program was used.
Results

Pathologic findings

The main macroscopic findings in the brain included
mild-to-marked hypoplasia of the cerebellum,
hydranencephaly, porencephaly in the cortex of the

cerebral hemispheres, brachygnathia and abnormal skin
pigmentation. 

Neurohistopathologic changes were characterized by
nonsuppurative and/or necrotizing meningoencephalitis
often accompanied by hypomyelinogenesis in the
cerebral hemispheres, brainstem, cerebellum, and
periventricular areas (Fig. 1d). Viral antigens were
demonstrated in CNS arterioles containing a strong
perivascular infiltrate (Fig. 1c). The CNS showed
malasic lesions which had neuronal necrosis and
dystrophic calcification (Fig. 1a), diffuse or focal gliosis
and mononuclear cells reactions (Fig. 1b). In the
cerebellum, with purkinje cells were shrinked
appearence and necrotic. Some degenerative neurons
had cytoplasmic vacuolization and central chromato-
lysis.
Apoptotic changes in BDV infection

The number of TUNEL positive apoptotic neurons
and microglial cells were significantly higher in BDV-
infected animals compared to the healthy controls
(p<0.05). TUNEL positivity was mainly localised in the
nuclei of the neurons and microglia (Fig. 1f). Nucleus of
these cells were seen apoptotic morphology (Case No: 4,
7,9). TUNEL positive staining was not observed in
neurons exhibiting normal morphology. However; few
nucleus of BDV-infected neurons were seen normal.
Caspase 9 (Fig. 1g) and caspase 3 (Fig. 1h) expression in
glial cells and degenerated neurons were stronger in
BDV-infected aninmals than healthy control group
animals (case no: 1, 3, 7, 9).
Relevance between nitric oxide synthase and apoptosis
in BDV infected animals

eNOS and iNOS expressions in the brain tissues of
naturally BDV-infected animals were higher than control
group animals (p<0.05) (Table 2). Co-association with
cellular degeneration and apoptosis were detected in
increase of the iNOS expression in the neurons and glial
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Table 2. Comparison of nitric oxide synthase activitys and BDV antigen.
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Fig. 1. a. Histological section of
brain tissue was that widespread
observing shrinkage,
degenerations and necrosis in the
neurons (arrows). HE. b. Focal
gliosis (arrow). HE. 
c. Immunohistochemical detection
of intense BDV antigen. Note the
positive immunolabelling (red
pigment) in vascular endotheliums
and degenerative/necrotic neuron
cytoplasm (arrows). IHC. 
d. Severe hypomyelination, the
myelin site was not painted at all
(arrow). LFB. e. Strong
cytoplasmic expression of GFAP
in glial cells near vein in general
(arrows). IHC. f. Diffuse nuclear
labelling of neurons and microglia
cells for TUNEL (arrows). IHC. 
g. Strong cytoplasmic labelling of
the neurons for caspase 9
(arrows) IHC. h. Diffuse
cytoplasmic labelling of
endothelium and neurons for
caspase 3 (arrows). IHC. Scale
Bar: a, h, 50 µm; b, x 200 µm; 
c, e, f, g, 100 μm; d, 320 µm. 
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Fig. 2. a. Strong expression of
eNOS in medium diameter veins
endotheliums (white arrow).
Absence of expression of eNOS in
small diameter veins (black arrow)
IHC. b. Decomposed antigens
were seen in lumens of some
veins of cases where severe BDV
antigens were detected (white
arrow). Absence of expression of
eNOS in small diameter veins
lumen (black arrow) IHC. c. Strong
expression of iNOS in some
medium diameter veins
endotheliums (black arrow). In the
lumens of veins where iNOS
activation was severe in, it has
been seen that the inflammatory
cells were infiltrated (white arrow).
Absence of infiltration
inflammatory cells in weak
expression of iNOS in small
diameter veins (blue arrow) IHC.
d. Strong and diffuse expression
of iNOS in microglial cells
(arrows). IHC. e. iNOS expressed
microglial cells was predominant
approached to the veins (blue
arrow) and Strong expression of
iNOS in veins endothelium (black
arrow). IHC. f. BDV and iNOS
presentations were seen
particularly in endothelial and
neuronal cells Double
immunolabelling method. No
counterstain was used. g. eNOS
and iNOS co-localizations were
evidenced in medium diameter
veins endotheliums. Double
immunolabelling method. No
counterstain was used. h. Strong
expression of eNOS in glial and
neuronal cells (black arrow). IHC.
Scale Bars: 200 μm.



cells. Otherwise, eNOS immunoreactivity was increased
neurons, glial cells (Fig. 2h) and venous vessel in
lesioned sites. eNOS activity in small diameter veins
was not present at all samples. While eNOS was showed
strong immunopositive reaction in medium diameter
veins (case no: 1, 3, 5, 6) (Fig. 2a). In addition to
strengths eNOS staining was observed in medium
diameter arteries of animals infected mildly by BDV
(case no: 1, 10). Presence of eNOS immunopositivity in
the middle arteries showed positive correlation with
BDV antigen immunopositivities in the lesioned areas.
Soluble eNOS antigen staining was observed in the
lumens of vessels having lesions characterized by
periarteritis in BDV-infected animals (case no: 7) (Fig.
2b). And, as a matter of fact, eNOS activity of
endothelia was more severe in these vessels with respect
to the others. In the walls and lumens of the veins,
expressing high level of iNOS activity, were also
infltrated by inflammatory cells (Fig. 2c). Severe iNOS
immunopositive reactions in microglia (Fig. 2d) and
neurons were also detected immunopositive reaction

especially around vessels (Fig. 2e). BDV and iNOS co-
localisation immunopositivities were detected
particularly in endothelia, degenerated neurons and glial
cells (Fig. 2f). Besides, eNOS and iNOS co-localisation
immunopositivities were detected in medium diameter
veins (Fig. 2g). eNOS and iNOS expressions in the
naturally BDV-infected animals were higher when
compared the healthy group. Difference was statistically
important (p<0.05).

eNOS, iNOS, GFAP, caspase 3, caspase 9 antigen
expressions were significantly higher in BDV-infected
animals compared to the healthy controls (p<0.05).
Spearman correlation test results compare of eNOS-
iNOS, TUNEL-caspase 3, TUNEL- iNOS, GFAP-iNOS,
Bcl-2-eNOS, GFAP-Bcl-2, Bcl-2-caspase 9, caspase 9-
caspase 3 immunoreactive cells and immunopositively
stained areas in BDV-infected animals are given in Table 3.

1239
Nitric oxide trigger apoptosis in the brains of border disease virus infected small ruminants

Fig. 3. NO triggers apoptosis by intrinsic pathway.

Table 4. Cytokine immunoperoxidase test results and statistical data.

Cytokine Control group BDV positive Statistical significance
animals animals (p<0,05)

eNOS 0.327±0.176 3.050±1.137 0.003*
iNOS 2.240±0.926 4.525±0.961 0.003*
TNF-α 0.205±0.049 0.935±1.175 0.655
INF-γ 1.290±0.233 2.450±2.416 0.453
Caspase 3 2.000±1.485 4.369±1.058 0.008*
Caspase 9 0.250±0.160 1.806±1.774 0.008*
Bcl-2 0.065±0.021 2.800±1.071 0.648
TNF-R1 1.820±0.551 2.742±1.495 0.456
GFAP 4.925±0.982 12.015±2.176 0.025*
TUNEL 0.750±0.264 5.6±1.707 0.003*

*similarity less than 0.05 (p<0.05) was significant.

Table 3. Spearman correlation test results and statistical data.

The relationship between antibodies ‘r’ Statistical significance (p<0,005)

Caspase 9 - Caspase 3 -0.415 0.124
TUNEL - Caspase 3 0.430 0.109
TUNEL - iNOS 0.394 0.146
GFAP - iNOS -0.745 0.001*
eNOS - iNOS 0.366 0.179

* *similarity less than 0.005 (p< 0.005) was significant.



Other cytokine expressions in BDV

TNF-α, INF-γ, TNF-R1 immunopositive stainings
were observed in the glial cells, neurons and vascular
endothelia (case no: 4, 7, 9, 14) of with BDV-infected
animals and control group animals. However, the
differences were not statistically important between the
groups (p>0.05). Importantly, significant increases in
expression of GFAP (p<0.05) were observed in glial
cells near vein in general (Fig. 1e). Statistical evaluation
results of TNFR-1, TNF-α, INF-γ, eNOS, iNOS, caspase
3, caspase 9, Bcl-2, TUNEL and GFAP antigen
expressions in the brain tissues of 306 BDV-infected and
healthy control animals are given in Table 4. 
Discussion

An anti-apoptotic effect occurs in host cells that are
infected by non-cytopathic pestivirus strains, which
enables the entry of homologous or heterologous strains
into the same cell. This facilitates the virus and the
development of the infection because the host cell
becomes almost immortalized, which allows for the
continuation of viral replication. However, cytopathic
strains mostly lead to apoptosis of the cell, especially
pluripotent mesenchymal cells, in infections that develop
in the fetal period; this results in critical CNS
abnormalities (Maxie and Youssef, 2007). In this study,
we obtained new information on the relationship
between BDV, apoptosis, and NO. We demonstrated for
the first time that apoptosis in the CNS was triggered by
the BDV. In addition, the apoptotic pathway did not
involve the cytokine receptor-mediated extrinsic
pathway, and NO was released in high amounts in
infected animals (Fig. 3). Given that apoptosis is induced
in neuronal and neuroglial cells by the effect of
increased levels of NO in BDV-infected cells can be
thought of as a model of similar other viral diseases that
affect the fetus during pregnancy.

Apoptosis is caused by the activation of intrinsic
(mitochondrial) and extrinsic (death receptor-mediated)
pathways. The extrinsic triggering of apoptosis is related
toactivation of tumor necrosis factor (TNF) and
apoptosis-inducing ligands. This pathway activates
caspase 8 through initiator caspases and digests the
effector caspase, caspase 3, thereby activating it
(Muñoz-Pinedo, 2012; Elmore, 2007). Interactions
between TNF and the tumor necrosis factor receptor 1
(TNRF1) activate the TNF receptor adaptor protein in
the cell (Clarke et al., 2000; Kotelkin et al., 2003). In the
present study, the expression of TNF, TNF1, and
interferon gamma (INF-γ) was investigated in the brain
tissues of BDV-infected animals. The levels of
expression of TNF (p>0.05), TNFR1 (p>0.05), and INF-
γ (p>0.05) were similarto those in the control groups.
Therefore, the most remarkable finding of this study was
that the apoptosis observed in the brain tissues of BDV-
infected animals was not related to the extrinsic

pathways.
In apoptosis involving the intrinsic pathway, the

apoptosome complex digests and activates the initiator
caspase, caspase 9, which then activates caspase 3, 6,
and 7, which are effector caspases, thus causing
apoptosis (Rowinsky, 2005; Loreto et al., 2011;
Caltabiano et al., 2013). In apoptosis induced through
the intrinsic pathway, the presence of procaspase 9,
which is an initiator caspase, is required in order to form
the apoptosome complex (Elmore, 2007). When the
complex is formed, high levels of caspase 9, an initiator
caspase, are expected to be released. This is supported
by the finding that high levels of caspase 9 were released
in the brain tissues of BDV-infected animals, and
caspase 3 was released at levels similar to those
observed in the control groups. These findings suggested
that in BDV-infected animals, apoptosis was triggered
through the intrinsic pathway and caspase 9 was recently
activated. In short, the severe apoptosis observed in
these animals was triggered by the intrinsic pathway.

Physiological concentrations of NO blocked the
expression of cytochrome c from the mitochondrial
double membrane and inhibited the formation of the
apoptosome complex (Natalie et al., 2002). Thus, the
formation of apoptosis by the intrinsic pathway was
inhibited in cells. In contrast, NO that was released
above physiological limits resulted in apoptosis in the
CNS (Pender and Rist, 2001; Wang et al., 2002; Brown,
2010). High levels of iNOS expression triggered
apoptosis in neurons in the hypothalamus and caused
neurotoxicity (Wang et al., 2002). In addition, microglial
apoptosis was driven by the high levels of expression of
iNOS in the CNS (Pender and Rist, 2001; Brown, 2010).
Another important finding in this study was that
statistically significant levels of iNOS and eNOS were
observed in the brain tissues of BDV-infected animals.
The presence of viral antigens and iNOS and the
expression of eNOS and iNOS were demonstrated
simultaneously with the double immunohistochemistry
technique. High levels of NO were an important factor in
triggering apoptosis in BDV-infected cells. The NO was
considered as eNOS and iNOS derived from endothelial
cells, neurons, glial cells, and extrinsic macrophages.
Furthermore, the overall assessment demonstrated that
NO was produced as a result of the eNOS and iNOS
combination was mainly derived from iNOS; while
eNOS can also play a role in this regard, but it is not as
effective as iNOS.

In some cases, it was observed that high levels of
caspase 3 (p<0.05) were released and the levels of
caspase 9 (p>0.05) were comparable to those in the
control groups. This showed that caspase 9 functions
only in the initial process, with a rapid decrease its
expression after caspase 3 activation. This interpretation
was in compliance with the TUNEL-positive cell
numbers. It was further supported by the positive
statistical correlation between caspase 3 and the
TUNEL-positive cell numbers (r : 0.430) and the
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negative statistical correlation between caspase 9 and the
TUNEL-positive cell numbers (r : -0.275). 

The presence of glial fibrillary acidic protein
(GFAP) differed in direct proportion to the severity of
cerebral degeneration, and the finding that the levels of
GFAP increase following CNS degeneration highlights
its neuroprotective effects (Baydas et al., 2003). It was
suggested that the protective effects of GFAP might be
inhibited in the reactive gliosis associated with severe
neurodegeneration (Anderson et al., 2003). Given the
main functions of astrocytes, increasing levels of GFAP
expression indicate a failure in the physiological
functions of neurons, disturbances in the ion balance in
the extracellular matrix, and problems in blood-brain
barrier functions. The increases in the GFAP levels in the
brains of the animals used in this study were thought to
result from a communication failure between neurons
and glial cells and the neurodegeneration that was
caused by BDV. The balance between iNOS and GFAP
provides valuable information for the interpretation of
initiator and effector caspases that are released by
degeneration in the CNS, myelin damage, and neurons,
astrocytes, and oligodendrocytes that are severely
infected with BDV. This is because GFAP is thought to
have a protective effect up to certain levels at which the
severity of the reactive gliosis that is caused by
neurodegeneration is significant; however, this
protective effect is inhibited in cases in which the
neurodegeneration is severe and longlasting. This
interpretation was supported by the statistically
significant negative correlation between GFAP and
iNOS (r : -0.745). Furthermore, this study confirmed that
NO expression, destruction in neurons and glial cells,
and the levels of apoptosis were atcritical levels.

When the coherence between GFAP and myelin in
the results of the study was interpreted through initiator
and effector caspases, neurons, astrocytes, and
oligodendrocytes were severely affected by BDV.
Notably, in cases involving severe myelin loss, the
expression of caspase 3 increased significantly,
suggesting that oligodendrocytes might be affected
because of prevalent apoptosis.

Consequently, this study showed that BDV
pathologically increased the expression of eNOS and
iNOS in the brain; therefore, high amounts of NO were
found to trigger apoptosis through the intrinsic pathway
by causing mitochondrial damage. A critical increase in
endothelial eNOS and iNOS activities was noted in cases
with high levels of BDV antigen. Our results showed
that high levels of NO were released from neurons and
endothelial and glial cells by the BDV infection. In
addition, cases with severe iNOS reactions in the veins
showed increased levels of intravascular lymphocytes
and other inflammatory cells; eNOS and iNOS were
released in a similar way in these cells. Therefore, not
only neurons, glia, and endothelial-derived cells, but also
lymphocytes and neutrophils, which are thought to be
potentially recruited to the area, may contribute to the
infection.
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