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Abstract– Using immunoblotting, we showed that in rats of audiogenic epilepsy (AE) prone strain (Krush-
insky-Molodkina, KM) the superior colliculus tissue (SC) contains significantly less quantity of glial neuro-
trophic factor (GDNF), beta-tubulin and actin in comparison to the same brain region in “0” rats, non-
prone to AE. This fact led to the suggestion that the histological structure of the SC in KM rats could differ
significantly from that of the “0” strain. Using neuromorphologу technique, we demonstrated that the total
number of SC cells, as well as the number of neurons were significantly less in KM rats than in the “0” strain
rats. Particularly strong differences were found in the deep layers of SC, the area of terminals from IC. Further
studies of the midbrain structures, will help to identify the novel aspects of neural networks, involved in the
genesis of AE in rats of KM strain.
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Rodent refractory audiogenic epilepsy (AE) is an
important and fruitful model for studying the mecha-
nisms of epileptogenesis and for testing new antiepi-
leptic drugs. Krushinsky–Molodkina rats (KM),
which almost 100% react to loud sound by intense sei-
zures, were successfully used in evaluation of anticon-
vulsant effects [1–3, 9], studies of genetic [4], physio-
logical [6, 7] and morphology [8] foundations of this
pathological trait.

Previously immunohistochemical studies demon-
strated [9, 10] that in the GEPR rat strain, also
selected for AE, the number of small (<15 μm in diam-
eter), medium (15–20 μm), and large (>25 μm) GAB-
Aergic neurons in the inferior colliculus (IC) were sig-
nificantly larger than that in animals of the basic
strain, used for selection which had no AE [10]. In our
study, the IC of Krushinskii–Molodkina (KM) rats
the number of GABAergic neurons was not higher in
comparison with the rats of the control “0” strain
without AE [8]. At the same time, the expression level
of glutamate-decarboxylase mRNA in KM rats was
five times higher than in rats “0” [8]. One may con-

1The article was translated by the authors.

clude that the GABAergic system role in the genesis of
AE proneness in KM and GEPR strains could be real-
ized on the basis of different morphofological and
physiological intricate characteristics.

According to the simplified scheme of AE seizure
generation, the pathological excitation, which starts in
the auditory nuclei of the brain stem, via the IC, and
then the superior colliculus (SC), arrives into the pon-
tine reticular nucleus and reaches the spinal cord by
the reticulo-spinal tract, realizing as AE seizures [11].
The study of the c-fos gene expression in GEPR rats
showed the participation of SC in the transmission of
epileptic activity from IC [12]. The development of AE
seizures involves also the periaqueductal grey matter
(PAG), SC and the substantia nigra projections into
the tectum [12]. Thus, the manifestation of epileptic
activity may be the result of a mismatch in the activity
of interconnected midbrain structures. If this is true,
AE prone animals could reveal the significant devia-
tions in the morphology and function in each of these
structures.

The goal of this study was to compare the molecu-
lar and morphological characteristics of SC in KM
rats and in control animals of the closely related “0”
strain non-prone to AE. This “0” strain was selected
for the lack of AE from the population of F2 hybrids of
KM inbred strain and Wistar rats non-prone to AE
[13]. This study was initiated by the quantitative (elec-
trophoretic) evaluation of glial neurotrophic factor
(GDNF), tubulin and actin in the midbrain of KM
and “0” rats.
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Protein Western blot hybridization was performed
using three male KM and three male “0” rats aging 3–
4 months weighing 344–362 g. The animals were kept
in standard cages in size of 36 × 50 × 16 cm with reg-
ularly alternating light (12/12 h). Water, grain and feed

for rodents (“LaboratorKorm”) were freely available.
The room temperature varied from 20 to 22°C. The
animals were anesthetized with chloral hydrate, the
brain was extracted and samples containing SC were
isolated. The samples were weighed and frozen in liquid
nitrogen. After lysing and centrifugation at 19 000 g, the
supernatant was used as a five-fold lysate for Western
blotting. After electrophoresis, the proteins were
transferred to a nitrocellulose membrane which was
washed with TBS-T buffer, incubated on a shaker in
1% blocking reagent (Roche, no. 11 096176001) and
washed three times with TBS-T. For the detection of
GDNF, primary antibodies Santa Cruz D-20 sc-328
(USA) with a titer of 1 : 1500 and secondary Santa
Cruz sc-2030 (titer 1 : 10 000) were used. For normal-
ization, antibodies for tubulin were used (primary—
sigma T7816, titer 1 : 8000, secondary—IMTEK p-gam
60718, titer 1 : 4000), and for actin (JLA-20, Develop-
ment studies hybridoma bank). After incubation with
the antibodies, the membrane was washed and devel-
oped using the ECL Advance Western Blotting Detec-
tion Kit (US) according to the protocol.

The results demonstrated the significantly lower
amount of GDNF, beta-tubulin, and actin in SC sam-
ples from KM rats in comparison with those from “0”
strain (Fig. 1). This fact could serve as the indication
that SC of KM rats contains much lower numbers of
cellular elements in comparison with “0” rats.

In order to verify this assumption, the cell densities
were determined, namely the densities of immuno-
histochemically stained cells for astrocytic and neuro-
nal nuclei markers, as well as for the nuclei of all cells
in the dorsal region of the SC (Fig. 2a).

The numbers of objects were got from 6 KM rats
and 6 “0” rats using the coronal sections of the brain
at the levels of SC. Forty micrometers sections were
obtained using a freezing microtome after transcardial
fixation of the brain by 4% formaldehyde. Sections

Fig. 1. The results of a comparative electrophoretic study
of the midbrain SC of the KM and “0” rats on the content
of the glial neurotrophic factor (GDNF), and tubulin.
(a) Representative images of Western blot strips analyzing
the content of GDNF and tubulin in the SC of KM and
“0” rats. (b) A histogram of the mean values of the optical
density of the bands, received using the “Image J” pro-
gram.
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Fig. 2. The results of the comparison of the densities of cellular elements in different layers of SC in KM and “0" rats. (a) Desig-
nations of the investigated layers (1–4) relative to cytoarchitectonic layers of SC. (b) The densities of the distribution of the nuclei
of all cells (BB), nerve cells, (NeuN) and astrocytes (S100) in different layers of SC of KM rats normalized to data on “0” rats.
“1−4” are mean values over all layers M ± SD, n = 5, *p < 0.05.
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were incubated with primary antibodies against S100
(Abcam, UK), NeuN (Millipore, USA), secondary
antibodies f luorescently labeled with Texas Red or
Cy2 (Jackson Immunoresearch, USA) [8]. Cell nuclei
were stained with a f luorescent dye bisbenzimide
(Sigma, USA).

The counting was carried out using an Olympus
IX81 microscope (Japan) equipped with Märzhäuser
motorized stage (FRG) controlled from a computer
and a digital camera Olympus DP72 (Germany). The
cells were counted from a computer monitor using the
“Cell *” program (Olympus Soft Imaging Solution
GmbH, Germany). At a small magnification (objec-
tive ×10), we obtained an overview image of the sec-
tion of the cut, with an SC. Then, at a large magnifi-
cation (objective ×100), the number of cells or nuclei
was counted using the optical fractionator method
[14]. The position of the 10 × 10 μm counting frame
was changed in steps of 200 μm along the X axis and
200 μm along the Y axis within the SC (Fig. 2a). In
each position of the frame, the uninformed operator
counted the number of objects to be examined, shift-
ing the focal plane along the Z axis by 30 μm. Five sec-
tions from each animal were analyzed. On the section,
130–150 points were tested. 

The average densities of cells (cell nuclei) in 4 zones
were calculated in SC (Fig. 2a): (1) the surface layer
including stratum griseum superficiale (SGS) and
stratum opticum (SO), (2) the deeper layer, including
stratum griseum intermediale (SGI) and stratum
album intermediale (SAI), (3) the layer, including
stratum griseum profundum (SGP) and stratum
album profundum (SAP), and finally (4) in the dorso-
lateral part of the PAG. The significance of the differ-
ences between the cell densities obtained KM-“0” rat
brains was estimated using the nonparametric Mann-
Whitney test.

The cell densities data for all cell nuclei (bisben-
zimide staining) showed that in all SC layers investi-
gated (with the exception of the surface layer), the
scores for KM rats’ brains were lower than for “0” rats’
brains (Fig. 2b). Moreover, the differences in the aver-
age total densities and in cell densities for layers 2, 3,
and 4 (SGP and SAP) were statistically significant.

The average densities of NeuN-immunopositive
cells (labeled neurons) in all layers of SC in KM rats
brain were lower than those in “0” rats. The differ-
ences in the mean cell densities in all layers of SC
(total) were statistically significant (Fig. 2b).

The average densities of S100 immunopositive cells
in SC in all layers were higher in KM rat brains than in
“0” strain rats’, however they were not statistically sig-
nificant (Fig. 2b).

The results showed that in those SC layers, where
fibers from IC terminate [11], the densities of nerve
cells and overall densities of cells were reliably lower in
KM rats than in “0” rats. Presumably these data could
explain the interstrain electrophoretic differences,

which we revealed in the content of tubulin and actin
proteins in the SC.

Our comparison on the architectonics of SC
between AE prone and non-prone animals are very
important for understanding the genesis of AE, since
this midbrain structure is an important “switch point”
for the excitatory f lux from IC to the reticular forma-
tion of the midbrain, and, consequently, for the gene-
sis of AE seizures [10, 11].

Further studies of the midbrain structures related
to IC will help to identify new aspects of neural net-
works involved in the genesis of AE in KM rats.
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