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Abstract

The aim of the study was to determine the expression profiles of GABA,, GABAg, and GAT! using RT-PCR and the immuno-
reactivity of GATI via immunohistochemical and immunofluorescence assays in CDV-infected brain tissue of dogs. For this
purpose, dogs with CDV and dogs without CDV were selected. The mRNA transcript levels of GABA,, GABA, and GAT!
were significantly downregulated in brain tissue in the CDV-infected group as compared with that in non-CDV-infected brain
tissue in the control group (p < 0.01, p < 0.001). In addition, the immunoreactivity of GAT1 in CDV-infected brain tissue
was significantly lower than in the uninfected group (p < 0.05). We conclude that one of the main causes of myoclonus in
CDV infections may be the blockage of postsynaptic inhibition in neurons or a lack of metabolism of GABA. In addition, a
GABA neurotransmission imbalance could play a role in demyelination in CDV infections.
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Introduction

y-Aminobutyric acid (GABA) is an important inhibitory
neurotransmitter in the central nervous system. There are
two types of GABA receptors: GABA , (an ionotropic recep-
tor) and GABAj (a metabotropic receptor) [1-4]. GABA is
delivered to synapses and binds to either GABA , or GABAR
receptors. GABA , receptors play a role in the fast response
of GABA via the CI” channel, whereas GABAy receptors
lead to slower responses of GABA via G-proteins and sec-
ondary messengers. GABA , receptors contain several subu-
nits, including a, B, v, 9, €, ®, and 0 [5]. The most important
of these subunits is the a subunit because it modulates the
affinity of GABA [6]. GABAj receptors contain two subu-
nits: GABAg, and GABAg, [7]. The GABAg, subunit must
be active in order to perform all the functions of GABAy
receptors [8, 9]. The GABAjy, subunit plays an important
role in surface trafficking and G-protein coupling [10, 11].
Genetic mutations of GABA receptors could be crucial risk
factors for multiple sclerosis (MS). A previous study has
indicated that GABA levels are lower in patients with MS.
In MS caused by viruses, since viral infection can cause
granule cell loss in the cerebellum, GABA receptor binding
could be decreased [12-14].

y-Aminobutyric acid transporter 1 (GAT1), regulated
by SLC6AL, plays an important role in GABA transmis-
sion in the brain and it is part of GABA signaling. GAT1
is a sodium- and chloride-dependent transporter located in
GABAergic axons and nerve terminals [15]. Instability in
GABAergic neurotransmission is observed in some neuro-
logical diseases, such as epilepsy, Alzheimer’s disease, and
strokes [16, 17]. Recent studies have suggested that mutations
in SLC6A1 are related to epilepsy syndromes with myoclonic
atonic epilepsy and intellectual disability [17-19].

Canine distemper virus (CDV), which belongs to the fam-
ily Paramyxoviridae, is an infectious pathogen of carnivores,
including Canidae, Procyonidae, Felidae, Mustelidae, and
Mephitidae [20-23]. Infection is associated with severe clin-
ical symptoms, including respiratory, gastrointestinal, and
neurological symptoms [24—26]. Previous studies have found
arelatively high mortality rate in CDV infections [27-30]. In
recent years, there has been a strategy of routine vaccination
against CDV infections [31], and vaccination with a modi-
fied live vaccine has decreased CDV infections in dogs and
other carnivores. However, the vaccine is not 100% effective
against CDV in susceptible species [32], with CDV infec-
tions occurring in some vaccinated animals [29].

CDV infections lead to immunosuppression and demy-
elinating leukoencephalitis (DL). Neuropathological
changes in DL and human demyelinating diseases, such as
multiple sclerosis, have morphological similarities [26].
Canine distemper is an important animal model to reveal
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the pathogenesis of myelin-loss-related immune-mediated
mechanisms [33]. Previous studies have clarified the rela-
tionship between demyelination in MS and GABA recep-
tors in detail [34-39]. However, to date, no studies have
examined the relationship between GABA receptors and
demyelination caused by CDV infection in dogs. Revealing
this relationship may help to understand the mechanism of
demyelination in CDV infections.

In the present study, we investigated histopathological
changes and expression levels of GABA ,, GABAg, and
GAT1 in the brain tissue of dogs with and without CDV
infection, using real-time polymerase chain reaction (RT-
PCR), immunohistochemical, and immunofluorescence
methods, respectively.

Materials and methods
Animals

This study included a total of 10 dogs (4 males and 6
females) of various breeds, weighing 8 + 2 kg. The CDV-
infected group (n = 5) comprised Kangal crossbreed dogs
(3 females and 2 males) with involuntary twitching of their
legs and facial muscles, and they were positive for the CDV
antigen (Ag) when tested using a rapid test kit (catalog no.
RG1303DD; CDV Ag Antigen Rapid Test Kit®, BioNote,
Korea). The ages of the control and CDV-infected animals are
shown in Table 1. If treatment was declined, the dogs were
euthanized with the consent of the owners. The control group
(n =5) comprised golden “retriever” and Rottweiler dogs (3
females and 2 males) that had died as a result of trauma and
were negative for CDV using the rapid test kit. Brain tissue
was removed and placed in a formaldehyde solution for histo-
logical and immunohistochemical analysis and frozen at -80
°C for later analysis using the RT-PCR method. We inves-
tigated the same area of the brain for all experiments. The
experiments were performed in accordance with the approved
ethical rules of Atatiirk University (protocol no. 2018/31).

Total RNA isolation and cDNA synthesis

Total RNA isolation from cortex and cerebellum parts of the
brain tissue of dogs was carried out using TRIzol Reagent
(catalog no. 15596026; Invitrogen, USA) according to the
manufacturer’s instructions, and the RNA concentration was
measured using a NanoDrop Epoch Microplate Spectropho-
tometer (USA). The quality of the total RNA preparation
in terms of DNA contamination was then evaluated using
gel electrophoresis. cDNA synthesis from total RNA was
performed using a QuantiTect Reverse Transcription Kit
(catalog no. 330411; QIAGEN, Germany) according to the
manufacturer’s instructions [40, 41].
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Detection of CDV

The RT-PCR method was used to detect CDV using a
ROTOR-GENE Q 5plex HRM Real-Time PCR Detection
System (QIAGEN, Germany). The primers used to detect
CDV have been described previously [42] (Table 1). The
RT-PCR was performed in a 25-pl reaction mix with 2x
QuaniTect SYBR Green PCR Master Mix (catalog no.
330500; QIAGEN, Germany), according to the manufac-
turer’s instructions. The reaction mixture contained 12.5 ul
of 2x QuaniTect SYBR Green PCR Master Mix (catalog
no. 330500; QIAGEN, Germany), which contained HotStart
DNA Taq polymerase, 0.75 ul (5 uM) of each primer, 1 pl
(150 ng/uL) of cDNA as a template, and 10 pl of RNase and
DNase-free water. The cycling parameters were as follows:
94 °C for 5 min; 30 cycles at 94 °C for 30 s, 55°C for 30 s,
and 72 °C for 30 s; and 72 °C for 5 min [43].

Determination of mRNA transcript levels of GABA,,
GABAg, and GAT1

The RT-PCR method was used to measure the mRNA tran-
script level of GABA ;, GABA, and GAT] in brain tissue using
a ROTOR-GENE Q 5plex HRM Real-Time PCR Detection
System (QIAGEN, Germany). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control gene.
RT-PCR primers were designed according to the sequence of
Canine lupus familiaris using the primer design program Oligo
6.0 and Primer 5.0. All primer sequences and reaction condi-
tions are shown in Table 2. The RT-PCR was performed in a
volume of 25 ul containing 12.5 pl of 2x QuaniTect SYBR
Green PCR Master Mix (catalog no. 330500; QIAGEN, Ger-
many), which contained HotStart DNA Taq polymerase, 1 ul
(5 uM) of each primer, 1 ul (150 ng/uL) of cDNA as a tem-
plate, and 9.5 pl of RNase and DNase-free water. A reaction
carried out without a cDNA sample was used as a negative
control. The specificity of PCR amplification was confirmed
by agarose gel electrophoresis and a melting curve analysis
[40, 41]. The relative fold change in the gene expression level
was assessed using the 2-2ACT hethod [44].

Histopathological examination
Dog cerebral cortex and cerebellums were fixed in 10% buff-
ered formalin solution for histopathological, immunohisto-

chemistry, and immunofluorescence procedures, then passed
through xylene and a graded series of ethanol, embedded

Table 1 The age of control and CDV-infected animals

in paraffin, and sectioned at 5-um thickness. Slides were
stained by hematoxylin and eosin for histopathological
analysis. Sections were stained with Luxol fast blue (Blue
Optica, catalog no. BO 04-200812) to determine demyelina-
tion according to the procedure of the manufacturer.

Determination of CDV infection using
immunohistochemistry staining

Following deparaffinization and hydration, brain and cer-
ebellum sections were stained using the streptavidin biotin-
peroxidase complex (Histostain Plus Kit; Invitrogen, Cama-
rillo, CA) to detect CDV infection. Sections were stained
with anti-CDV (Serotec, MCA1893, Oxford, UK, dilution:
1/150). Treatment with the primary antibody was performed
in a humidified chamber for 1 h at room temperature, and
color formation was obtained using 3-amino-9-ethylcarba-
zole (AEC) (Invitrogen). Sections were counterstained with
Mayer’s hematoxylin and mounted with CC/Mount Aqueous
Mounting Medium (C9368; Sigma-Aldrich).

Determination of GAT/1 immunoreactivity
in CDV-infected and uninfected animals using
immunohistochemistry staining

Following deparaffinization and hydration, the cerebral cor-
tex and cerebellum sections were treated with 3% hydrogen
peroxide for 10 min to block endogenous peroxidase activity.
For antigen retrieval, sections were heated in a microwave
oven for 10 min in sodium citrate buffer (10 mM; pH 6.0).
Tissue sections were then left in protein block solution for 10
min to block any nonspecific binding, followed by incubation
at room temperature in GABA transporter 1/GAT1 primary
antibody solution (Genetex, catalog no. GTX46843, dilu-
tion: 1/100) for 20 min. Subsequent incubations were car-
ried out according to the procedure of the EXPOSE Mouse
and Rabbit Specific HRP/DAB IHC Detection Kit (Abcam,
catalog no. ab236466). The color formation was obtained
using 3',3'-diaminobenzidine, and the reaction was stopped
by submersion in water. Sections were counterstained with
Mayer’s hematoxylin. After dehydration, the sections were
placed in xylene and mounted with a coverslip [40]. The
cerebral cortex and cerebellum sections of five dogs without
clinical or histopathological findings of distemper were used
as negative controls. GAT1 immunopositivity was scored,
and the results are shown in Table 3.

Animal  Contl Cont2 Cont3 Cont4

Cont5

CDVl1 CDV2 CDV3 CDhV4 CDV5

Age 3 months 3.5 months 5 months 3 months

4 months

3.5 months 3 months 5 months 4 months 4 months
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Table 2 Sequences of the RT-PCR primers

Table 3 Pathological scores for GAT-1 immunopositivity

Primer Sequence (5'-3") Length of
product (bp)

CDV-F TGCGGTCTTACATTTGCATC 669

CDV-R ACTCCAGAGCAATGGGTAGGG

GABA,-F TCCCAGGACTGCTTCCTTTG 278

GABA,-R AGCTTGGATCCTTTAAAACGGC

GABAg-F TGAATAGCCGCAGGGACATC 321

GABAg-R AGCCCCACTTCTCAAAGAGC

GATI1-F GTATGGAAGCTGGCCCCTATG 210

GATI1-R GTTGGTGGTGTTGACGATGCT

GAPDH-F TCCATGACCACTTCGGCATC 310

GAPDH-R TCCGATGCCTGCTTCACTAC

Immunofluorescence staining

The cerebral cortex and cerebellum were removed, and paraf-
fin sections were prepared as described above. The immuno-
fluorescent staining procedure was carried out as described
in our previous study [45]. Following the deparaffinization,
rehydration, antigen retrieval (10 mM sodium citrate buffer,
pH 6.0), and protein blocking stages, GABA transporter 1/
GAT1 primary antibody (Genetex, catalog no. GTX46843,
dilution: 1/100) was applied to the cerebral cortex and cer-
ebellum sections at room temperature for 20 min. Then, the
secondary antibody, mouse anti-rabbit IgG-FITC (Santa Cruz
Biotechnology, catalog no. sc-2359), was applied to the sec-
tions at a dilution of 1/50, and the sections were kept in the
dark for 45 min and then washed with distilled water. Sec-
tions were mounted with Fluoroshield Mounting Medium
with DAPI (catalog no. ab104140) and examined using a
fluorescence microscope (Zeiss Scope Al).

Statistical analysis

IBM SPSS 20 was used to perform statistical analysis. A
one-way analysis of variance was used to detect statistical
differences in GABA 4, GABAp and GATI expression in the
control group and CDV-infected group. The relative fold
change in mRNA level was plotted using GraphPad Prism
software, version 7.0 (GraphPad Software Inc., CA, USA).
The RT-PCR results are expressed as mean =+ standard error
of the mean. Differences were considered statistically signif-
icant at p-values of < 0.05, < 0.01, and < 0.001. Statistical
differences between the cerebellums of the controls and the
CDV-infected dogs were evaluated using the Mann-Whitney
U test followed by the Kruskal-Wallis Test (p < 0.05). SPSS
statistical software (SPSS for windows, version 20.0) was
used for statistical analysis. Data are presented as mean +
standard error (SE).
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Group Cerebellum Cerebral cortex
Control 1 +++ +++
Control 2 +++ ++
Control 3 ++ 44+
Control 4 ++ 44
Control 5 +++ +++
CDV-infected dog 1 + +
CDV-infected dog 2 ++ ++
CDV-infected dog 3 ++ 4
CDV-infected dog 4 + +
CDV-infected dog 5 + +

Immunopositivity: none (—), mild (+), moderate (++), and intense
(4+4+). Three slides were analyzed for each samples

Results
Detection of CDV in brain tissue

The RT-PCR method was used to detect CDV in brain tissue
of dogs. Brain tissues with CDV tested CDV positive, and
brain tissues without CDV tested CDV negative (Table 4).

Expression profiles of GABA,, GABAg and GAT1

The mRNA transcript levels of GABA,, GABAg and GAT1
were determined using the RT-PCR method. Both GABA
and GABAj expression levels were significantly downregu-
lated in the brain tissue in the CDV-infected group as com-
pared with that in the control group (p < 0.01, p < 0.001)
(Fig. 1A, B, and C).

Histopathological findings

The diagnosis of CDV infection was first determined by clin-
ical and histopathological examination. LFB staining was
used to detect demyelinating lesions in CDV-infected dogs
(Fig. 2D and F). In the control group, no histopathological
changes were observed in the brain and cerebellum (Fig. 2A
and B). Acute demyelinating lesions were characterized by
severe demyelinated areas with vacuoles in the white mat-
ter of the cerebellum (Fig. 2C and D) and chromatolysis
in Purkinje cells. Chronic demyelinating lesions exhibited
lymphohistiocytic cell infiltration and severe demyelinated
areas with vacuoles in the cerebral cortex (Fig. 2E and F).

Immunolocalization of CDV infection

IHC staining of brain and cerebellum sections of dogs
showed that the virus mostly infected neurons, with
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only a few types of glial cells staining positive for CDV
(Fig. 3A-D). CDV antigen immunolabelling was observed
in the nucleus and the cytoplasm of neurons in the cerebel-
lum and cerebral cortex. Viral CDV antigens were mainly
observed in neurons in the white matter of the cerebellum
(Fig. 3A and B) and were also found in Purkinje cells.
CDV antigens were also localized in neurons of the cer-
ebral cortex (Fig. 3C and D).

GAT/1 immunoreactivity in CDV-infected
and uninfected animals

Within the Purkinje cells of the cerebellum in control
dogs, GAT1 immunoreactivity occurred predominantly
within the cytoplasm (Fig. 4A and B, Table 5). GAT1
immunoreactivity significantly decreased in cerebellar
tissues of CDV-infected dogs (Fig. 4C and D, Table 5).
Compared to the cerebellum, GAT1 immunoreactivity
was significantly lower in the cerebral cortex (p < 0.05,
Table 5). GAT1 immunoreactivity in the cerebral cortex
of control dogs was higher than that of CDV-infected dogs
(Fig. 5A-D, Table 5).

Discussion

CDV leads to fatal DL in young dogs, similar to the demy-
elination observed in MS in humans [46]. Thus, CDV-
induced DL can serve as an animal model for human
demyelinating diseases such as MS [47, 48]. Axonal
pathology with the accumulation of nonphosphorylated
neurofilament proteins and f-amyloid precursor proteins is
a hallmark of CDV-induced DL [47, 49]. Although several
studies have described the interactions between GABA
receptors and MS in detail, there have been no studies on
the molecular mechanisms of GABA receptors and GAT1
during CDV infections. This is an important knowledge
gap in this field.

In this study, we investigated the expression profiles of
GABA,, GABAj receptors and GAT1 and the immunoreac-
tivity of GAT1 in the brain tissue of dogs with CDV. Our
data demonstrated that the expression levels of GABA,,
GABAjg, and GATI were significantly downregulated in
CVD-infected brain tissue as compared with that in unin-
fected brain tissue in the control group. In addition, the
immunopositivity of GAT1 was reduced in CDV-infected
brain tissue.

Table 4 Detection of CDV
in serial tenfold dilutions by

Dilution 10°

10! 10? 10° 10*

RT-PCR Real-time PCR®  Positive (5/5)  Positive (5/5)  Positive (5/5)  Positive (5/5)  Positive (5/5)
Ct values® 202 +0.2 23.2+0.1 279+ 0.4 325+06 36.9 + 0.1
results from five analyses
®mean values and standard errors from three measurements

GABAp GABAg; GAT1

3 < T 2,04
3 257 3 2.5- 2
Eg EP £ —
'2 E 2.0+ 2 2 2.0 2 g 1.5
iz £i2 £8
=3 1.5 25 157
i< g0 ' £3 10-
<z < = *zf -
T e <
E< sl £ < EC 05
= g =
3 o0- < 0.0- & o0.0-

Control Distemper & Control Distemper Control Distemper

Fig. 1 The mRNA transcript level of GABA,, GABA, and GATI in
the brains of dogs. Values represent the mean + SE of three inde-
pendent experiments for each samples. Statistical significance (¥, p <
0.05; ** p < 0.01; *** p < 0.001) was analyzed using a one-way

ANOVA. A) Relative mRNA expression levels of GABA,. B) Rela-
tive mRNA expression levels of GABAg. C) Relative mRNA expres-
sion levels of GAT1
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Fig.2 (A-B) Normal histologic
visualization of the cerebellar
white matter of control dogs
by hematoxylin and eosin and
Luxol fast blue staining. H&E,
Luxol fast blue. Bar, 50 pm.
(C-F) Histopathologic imaging
of the cerebral cortex and cer-
ebellar tissues of CDV-infected
dogs using hematoxylin and
eosin staining. (C-D) Severe
demyelinated areas (asterisk)
with vacuoles (arrowhead) in
acute distemper encephalitis.
H&E, Luxol fast blue. Bar, 50
pm. (E-F) Chronic inflamma-
tory lesion characterized by
moderate lymphohistiocytic
cells infiltration (arrow) and
severe demyelinated areas with
vacuoles (asterisk, arrowhead).
H&E., Luxol fast blue. Bar,
100 pm

GABA regulates the proliferation, differentiation, and
migration of oligodendrocyte precursor cells, as well as
oligodendrocyte survival and myelination [50-55]. Defi-
cits in the functional expression of GABA, receptors
have been implicated in the pathogenesis of several neu-
rological diseases [56-58]. For example, the expression
of GABA , receptors has been shown to be downregulated
in Alzheimer’s disease, Parkinson’s disease, and MS [59].
Furthermore, GABA sensitivity and GABA , expression
levels were found to be attenuated in a myelin-deficient
rat [60]. In addition, the expression level of GABA , has
been observed to be downregulated in various infections,
including HIV infection [61]. Influenza infection has been
shown to result in a decrease in GABA , expression in mice
[62], and the expression of GABA , receptor subunits ol
and B3 has been found to be decreased in chronic hepatitis
C patients [63].
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Myelin sheaths have been reported to be significantly
altered in GABAg-receptor-knockout mice. In the same
study, the expression profiles of peripheral myelin pro-
tein-22 and myelin protein zero were also altered, and the
myelin structures contained very small fibers [64]. Another
study revealed that the GABAy receptor is important for
myelination of Schwann cells [65], while other studies have
revealed that GABAp receptors regulate myelination in the
peripheral nervous system [66] and that they are involved
in the regulation of myelin protein expression [67, 68].
Research has also demonstrated that GABAj receptors play
a critical role in long-term inhibition of synaptic transmis-
sion [69].

GAT is synthesized in various membranes, including ves-
icle, presynaptic, and glial cell membranes, and it belongs
to a family of electrogenic sodium-dependent transporters
[70]. Four types of GABA transporters (GAT 1-4) have been
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Fig. 3 Immunohistochemical
analysis of the cerebellum and
cerebral cortex of CDV-infected
animals. (A-B) Intense staining
in the cytoplasm of neurons
(arrows) in the white matter

of the cerebellum with CDV
antigen. (C-D) Immunoreac-
tivity to CDV antigen within
the nucleus and cytoplasm of
neurons (arrows) and glial cells
(arrowhead) in the cerebral cor-
tex. (A-C) Streptavidin-biotin-
peroxidase method-AEC. (B-D)
low-magnification view, 10x
higher-magnification view, 20x

Fig.4 (A-D) Immunohis-
tochemical and immuno-
fluorescence analysis of the
cerebellum of control dogs and
CDV-infected dogs showing
GAT1 immunoreactivity. (A-B)
Intense GAT1 immunoreactivity
surrounding Purkinje cell bod-
ies (arrow) in the cerebellum of
control dogs. (C-D) Mild GAT1
immunoreactivity surrounded
the Purkinje cell bodies (arrow)
in the cerebellum of CDV-
infected dogs. IHC&IF. Bar,

50 pm

reported, and their genes have been cloned [71, 72]. Among
these receptors, GAT1 shows the highest affinity for GABA
[72]. GATI is localized in GABAergic neurons, including
the cerebellum, hippocampus, neocortex, and retina [73].
The primary role of GAT1 is the removal of GABA from the

synaptic cleft and termination of GABAergic neurotransmis-
sion [74]. Thus, GAT1 plays a pivotal role in the metabolism
of GABA [74]. In the present study, the immunoreactivity
of GAT1 decreased in CDV-infected brain tissue, indicating
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Table 5 GAT-1 immunopositivity in the cerebellum and cerebral cor-
tex regions of dogs infected with CDV and controls

Group Cerebellum Cerebral cortex
Control 2.60 + 0.24% 2.40 + 0.24
CDV-infected dogs 1.40 + 0.24° 1.20 + 0.20°

Values are means + SE. Different superscript letters in the same col-
umn (a, b) indicate significant intergroup differences (p < 0.05)

that GABA transmission may be increased in the synaptic
cleft. Therefore, GABA metabolism could be disrupted.

In the literature, it has been reported that GABA, and
GABAj expression levels were significantly downregulated
in infectious diseases and demyelinating diseases. To date,
data on GABA, and GABAj receptor expression in CDV-
infected dogs have not been reported. The present study is
the first to report the downregulation of GABA , and GABAy
in CDV-infected dogs. Regulation of GABA, and GABAy
receptors may affect the speed of responses to GABA via
CI channels, G-proteins, and secondary messengers. Thus,
GABA function may be impaired, leading to an imbalance
in GABAergic neurotransmission. This imbalance, together
with the failure of long-term inhibition of synaptic trans-
mission, may result in myoclonus, a neurological symptom
of CDV infection. In addition, demyelination in CDV and
decreased GABA, and GABAj receptor expression levels
may be related. Therefore, decreased GABA, and GABAg

Fig.5 (A-D) Immunohisto-
chemical and immunofluores-
cence analysis of the cerebral
cortex of control dogs and
CDV-infected dogs showing
GAT1 immunoreactivity. (A-B)
Intense punctate GAT1 staining
in the cytoplasm of neurons
(arrows) in the cerebral cortex
of control dogs. (C-D) Mild
punctate GAT1 staining in
neurons (arrows) in the cerebral
cortex of CDV-infected dogs.
IHC&IF. Bar, 50 pm
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receptor levels might contribute to the demyelination process
in canine brains during CDV infection.

Myoclonus is a major neurological symptom in CDV-
infected dogs. Many clinical phenotypes have been described
in humans, the majority of which are associated with muta-
tions in skeletal muscle voltage-gated chloride (CLCNI)
and sodium channel (SCN4A) genes. In dogs, myotonia is
related to mutations in CLCNI. Downregulation of GABA ,,
GABAjg, and GATI disrupts GABA function, potentially
blocking postsynaptic neuron inhibition and metabolism of
GABA to glutamine by GABA transaminase for neuronal
uptake. The findings of the present study suggest that one
of the main causes of myoclonus in CDV infection may be
the blockage of postsynaptic inhibition in neurons or a lack
of metabolism of GABA.

Conclusion

In the present study, we examined the expression level of
GABA, and GABAp receptors and GATI in CDV-infected
and uninfected brain tissue from dogs, using RT-PCR,
immunohistochemistry, and immunofluorescence assays.
According to a literature survey, the present study is the first
report in this field. The mRNA transcript levels of GABA,,
GABAj and the immunoreactivity of GATI decreased signifi-
cantly in brain tissue in the CDV-infected group as compared
with that in the uninfected group. Our results suggest that
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one of the main causes of demyelination and myoclonus in
CDV infections may be the disruption of GABA functions.
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