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The article concerns the problem of interrelationship between epileptic activity and brain neu-
rons’ back remodeling process. The studies were carried out on chronic epileptic patients of pre-pu-
berty period, of both sexes. Healthy persons of the same age served as a control group. The blood
samples were taken from the patients in free-of-seizure timeframe and platelets and serum were sa-
ved. The levels of collapsin-response mediator protein 2 (CRMP2) and BIII tubulin were evaluated in
the patients’ platelets and the levels of natural anti-CRMP2 autoantibodies and nerve growth factor
(NGF) were evaluated in the patients’ serum with indirect ELISA test. Downregulation of CRMP2
and BII tbulin in the platelets, sharp downregulation of natural anti-CRMP2 autoantibodies and up-
regulation of NGF in the serum was revealed. In the next series we studied the effect of intra-cerebral
administration of CRMP2 to stress-tolerant Wistar male rats on their tolerance to the audiogenic
stress effect (90-120 dB, 3 min). CRMP2 administration to the rats did not induce epileptic seizures
under their exposure to audiogenic stress. The results give grounds to coming to a conclusion about
engagement of brain neurons’ back remodeling in epileptic activity and that epileptic activity itself

brings to induction of neurons’ back remodeling in the epileptogenesis-engaged neurons.

Keywords: epileptic patients, platelets, serum, collapsin-response mediator protein 2
(CRMP?2), natural anti-CRMP2 autoantibodies, 111 tubulin, nerve growth factor, ELISA test

To-date although plenty of studies has al-
ready been undertaken to clarify the underlying
mechanisms of epileptic seizures, they are still
left unclear. One of the most arguable questions
is the cause-effect relations between newly for-
med neurons (neurogenesis) and initiation of
epileptic seizures. In particular, it is unclear,
whether epilepsy itself brings to induction of
adult brain neurogenesis or, conversely, adult
neurogenesis comprises relevant conditions for
the development of epileptic seizures. The sci-
entists standing on opposite standpoints regar-
ding this question refer to quite different expe-
rimental arguments supporting their positions
[1]. Surely, these debates can be judged and fi-
nal conclusion can be made only basing on con-
vincing and unequivocal experimental data on
the subject.

The goal of the present study was analy-
sis of the levels of collapsin-response mediator
protein 2 (CRMP2), involved in regulation of
axonal sprouting and long-term memory forma-
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tion [5, 7], and marker of mature neurons BIII
tubulin [3] in the platelets of epileptic patients
having this pathology for a long time, in free-
of-seizure timeframe, the level of anti-CRMP2
autoantibodies and nerve growth factor (NGF)
in their serum. Besides, we studied the effect of
intracerebral administration of anti-CRMP2 an-
tibodies into the Wistar rats on their tolerance
to exposure to audiogenic stress that induces
epileptic seizures in the stress-intolerant rats.

Materials and Methods

1.Biochemical methods

The studies of the first series were carried
out on the patients having epilepsy of traumatic
origin for a long time (n=20). Healthy persons
of the same age were used as controls (n=15).
All the patients were of pre-puberty period, of
both sexes and their EEGs were permanently
recorded and analyzed. The blood sampling of
the patients were conducted in free-of-seizure
timeframe at the moment of their regular blood
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sampling in polyclinic conditions. The blood
samples were collected into sample tubes con-
taining 5% solution of EDTA as anticoagulant
in v/v ratio of blood to EDTA solution as 9:1.
Thereafter blood samples were centrifuged at
600 RCF for 7 min, plasma was saved and cent-
rifuged at 9000 RCF for 15 min for precipita-
ting platelets. Platelets and serum samples were
saved in separate Eppendorf sample tubes and
analyzed in indirect ELISA test on 96-well
polystyrene plates with moderate level of ad-
sorption (Sigma, Germany). The water-soluble
proteins were extracted from the platelets by
extraction buffer, leveled to a concentration 20
pg/mL with 0.1 M Tris-HCI buffer (pH 8.6)
and used as antigens in indirect ELISA test.
Rabbit anti-CRMP2 and rabbit anti-BIII tubulin
polyclonal immunoglobulins were used as the
primary antibodies in the buffer for antibodies
(pH 7.3). Anti-rabbit goat immunoglobulins
conjugated to horseradish peroxidase (Sigma
Immunochemicals, Germany) were used as the
secondary antibodies in the buffer for antibodi-
es (pH 7.3). Orthophenylendiamine was used as
a substrate for peroxidase at a concentration of
0.5 mg/mL in 0.05 M citrate-phosphate buffer
(pH 4.5). The reaction was stopped by adding 3
M NaOH in the wells 30 min after pouring
substrate buffer. The results of the reactions
were recorded in photometer for ELISA test
“Molecular Devices Spectra Max 250”7 (MTX
Lab Systems, Inc., USA) on wavelength 492
nm (relative wavelength 630 nm).

CRMP2 was purified from the cow bra-
ins. The brains were homogenized in the ext-
racting buffer containing 0.05 M phosphate
buffer (pH 7.2), 0.3 M NaCl, 5 mM EDTA and
0.1% Triton X-100 in a volume ratio of tissue
and buffer as 1:4. The main stages of fractio-
nations were as follows: 1) protein partial
precipitation by ammonium sulfate under the
final concentration 40%; 2) gel-chromatog-
raphy on the column (3 X 60 cm) of Sepha-
dex G-150; 3) exposure to the effect of 40 mM
of deionized EDTA throughout the night on the
end-to-end shaker under 4°C; 4) isoelectric fo-
cusing on the gel with application of ampholi-
nes of narrow pH range (pH 4-6). After ending
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isoelectric focusing 1 cm width gel strips were
collected, pH values were measured in each gel
strip and the fraction with pH value that was
equal to pl value of CRMP2, was eluted from
the gel and analyzed in SDS electrophoresis
with protein standards [4]. The process of frac-
tionation and selection of the immune-positive
protein fractions was realized under the scree-
ning control by the indirect ELISA-test with
application of anti-CRMP2 polyclonal immu-
noglobulins [4].

Anti-CRMP2 polyclonal immunoglobu-
lins were produced through 5-6-month immuni-
zation of the male rabbits of Chincilla species
of 2.2-2.5 kg body mass by sub-cutaneous ad-
ministration of 300 pg of the purified protein
per animal, always in a mixture with complete
Freund adjuvant (Sigma, Germany). The first
three injections were done within a timeframe
of 14 days; the following injections were done
one per month. Ten days after the third and fol-
lowing injections blood samples were taken
from ear vein, serum was separated and polyc-
lonal immunoglobulins G were precipitated by
adding 100% ammonium sulfate to equal volu-
me of serum (final concentration 50% of am-
monium sulfate).

Patients’ serum was used for evaluation
of the level of natural anti-CRMP2 autoantibo-
dies in indirect ELISA test. In this series of stu-
dies, purified CRMP2 was added into the
polystyrene plates with moderate level of ad-
sorption (Sigma, Germany) at concentration 20
ug/mL. The serum samples were diluted with
buffer for antibodies (pH 7.3) in v/v ratio 1:75
and used as the first antibodies. Mice anti-hu-
man immunoglobulins conjugated to horseradish
peroxidase were used as the second antibodies.

Besides, we defined the level of nerve
growth factor (NGF) in the epileptic patients’
serum in indirect ELISA test. For this purpose
the serum samples were used as antigens at a
concentration 20 pg/mL in 0.1 M Tris-HCI buf-
fer (pH 7.3) and rabbit polyclonal anti-NGF an-
tibodies were used as the primary antibodies
(2.5 S; Sigma Immunochemicals, Germany).
Further steps of indirect ELISA test were reali-
zed as described above.
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Anti-CRMP2 polyclonal antibody was
purified from the solution of anti-CRMP2 im-
munoglobulins through a technique of immune-
affinity chromatography carried out on the co-
lumn (0.5 x 3 cm) of CNBr-Sepharose (Sigma,
Germany) with  covalently  immobilized
CRMP2 [2]. After application of anti- CRMP2
immunoglobulins onto the column at a low spe-
ed of 8 mL/h, the column was thoroughly was-
hed with 20 column volumes of 0.01 M phosp-
hate buffer (pH 7.2) and under the control of
spectrophotometric extinction at the wave-
length 595 nm (Bradford method for measure-
ment of protein concentration) specifically bo-
und anti-CRMP2 antibody was eluted from the
column through application of a chaotropic
agent — 3 M KCNS. The eluted antibody was
dialyzed against 0.15 M NaCl, buffered to the
value of pH 7.2, and frozen. In a single cycle,
up to 6 mg of antibody was eluted from the af-
finity column.

2. Physiological Methods

The experiments were carried out on epi-
leptic patients (n=20) and on the Wistar male
rats of 180-230 g body mass (n=20).

The epileptic patients were subjected to
EEG recording on electroencephalograph
“Neuron-Spector-2” (Russia) with traditional
“10-20” system of application of registration
electrodes on the human skull.

Audiogenic stress was formed by exposu-
re the rats to a strong sound of 90-120 dB for 3
min in a box (30 x 40 x 30 cm) made from or-
ganic glass. In this series of studies, the animals
tolerant to audiogenic stress were selected and
divided into 2 groups: 1) control group (n=10)
— administration of rabbit non-immune y-globu-
lins; 2) experimental group (n=10) — administ-
ration of polyclonal rabbit anti-CRMP2 antibo-
dies. Preparations were administered under ani-
mal’s anesthesia with sodium etaminali (40 mg
per 1 kg of body mass) at a dose of 1 mg/mL, in
a volume of 10 pL in buffered saline (pH 7.3)
into left lateral brain ventricle.

The results were averaged within each
group under study and analyzed with applicati-
on of Student’s t-criterion [8].
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Results

EEG analysis of the selected epileptic pa-
tients demonstrated existence of epileptiform
activity in different recordings from their skull
(Fig. 1). Hence, we have got reliable electro-
graphic conformation of epileptic activity in
their brains.

Analysis of the level of CRMP2 in the
platelets and the level of natural anti-CRMP2
autoantibodies in the serum of the epileptic pa-
tients relative to healthy persons of the same
age revealed significant downregulation of the-
se indices. In particular, the level of CRMP2 in
the platelets of epileptic patients was equal to
0.242+0.002 optical units of extinction (OUE),
while its level in the healthy persona was equal
to 0.256+0.002 OUE (p < 0.001; Fig. 2). The
sharpest decrease was noted in the level of
natural anti-CRMP2 autoantibodies in the se-
rum of the epileptic patients relative to the
healthy persons. In particular, while in the he-
althy persons their level was equal to
0.020+£0.001 OUE, in epileptic patients their
level downregulated 2.5 times and reached
0.008+0.001 OUE (p < 0.001; Fig. 3).

Evaluation of the neural differentiation
marker BIII tubulin in the platelets of the epi-
leptic patients revealed its noticeable downre-
gulation. In particular, its level in the platelets
of the healthy persons was 0.014+0.001 OUE,
whereas in the epileptic patients this index was
equal to 0.008+0.001 OUE (p < 0.001; Fig. 4).

Fig. 1. EEG registration of the epileptic
patient in free-of-seizure timeframe
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Fig. 2. Changes of the level of CRMP2 in the
platelets of the epileptic patients. ** - p < 0.001

Analysis of the level of NGF in the serum
of the epileptic patients in opposite to other
indices measured in the blood samples of these
patients showed its upregulation relative to its
level in the healthy persons. In particular, if its
level in the serum of the healthy persons was
equal to 0.037+0.003 OUE, in the serum of the
epileptic patients its level made 0.051+0.003
OUE (p <0.01; Fig. 5).
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Fig.3. Changes of the level of natural anti-
CRMP2 autoantibodies in the serum of the epileptic
patients. *** - p < 0.001
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Fig. 4. Changes of the level of BIII tubulin in
the platelets of the epileptic patients. ** - p < 0.001

In the next series of studies we selected
the audiogen stress-tolerant rats and administe-
red intra-cerebrally anti-CRMP2 antibody to
them. 24 h later from anti-CRMP2 antibody ad-
ministration they were again subjected to the
effect of 3-minute audiogenic stress. The results
of the experiments showed to remaining tole-
rance in these animals towards audiogenic
stressful effects.
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Fig. 5. Changes of the level of nerve growth
factor in the serum of the epileptic patients.
***.p<0.01
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Discussion

While analyzing the experimental results,
downregulation of CRMP?2 in the platelets and
sharp downregulation of the natural anti-
CRMP2 autoantibodies in the serum of the epi-
leptic patients was noted. As demonstrated the
results of different researchers, changes of sero-
tonergic system activity in the platelets reflects
the same character changes occurring in the
brain cortex of the organism. Hence, the chan-
ges of the level of CRMP2 in the patients’ pla-
telets reflect similar changes in their brain cor-
tex. Furthermore, our earlier experimental re-
sults showed that the level of natural anti-
CRMP2 autoantibodies in the serum of the dep-
ressed rats perfectly corresponds to the level of
CRMP2 in their subcortical structures of the
brain [6]. So, it means that downregulation of
the natural anti-CRMP2 autoantibodies in the
serum of the epileptic patients indicates to cor-
respondent downregulation of CRMP2 in their
subcortical structures such as hippocampus and
amygdala, which are closely related to initiation
of epileptic activity in the patients’ brains.

Along with it, significant decrease of the
neuronal differentiation marker — BIII tubulin —
in the platelets and upregulation of NGF in the
serum of the epileptic patients was revealed.
Some researchers attribute to upregulation of
NGF in neurons as an indicator of neurons’
back remodeling [9]. The observed directions
of changes of the levels of BIII tubulin and
NGF give grounds to making a conjecture con-
cerning engagement of the process of neuronal
back remodeling in prolonged epileptogenesis.
During the process of back remodeling neurons
undergo dedifferentiation process, losing their
differentiation markers and getting back to neu-
ron’s precursor state. From such secondarily
formed neuron’s precursor state, the newly de-
differentiated neurons can again pass through
differentiation process tuning it up to the chal-
lenges of epilepsy-disturbed neuronal environ-
mental signals.
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Significant downregulation of neuronal
differentiation marker BIII tubulin in the plate-
lets of the epileptic patients reflects its engage-
ment and, speaking more broadly, engagement
of the process of neuron’s back remodeling in
epileptogenesis. Again, cause-effect question is
sharply raised: what is the first, triggering event
in these relationships. Does neuron’s back re-
modeling create adequate conditions to inducti-
on of epileptic seizures or, conversely, do epi-
leptic seizures themselves bring to neuron’s
back remodeling? Our last experimental series
was undertaken for finding an answer to this
question.

As showed our earlier experimental data
(Mekhtiev, unpublished data), 3 days later from
rabbit anti-CRMP2 antibodies intra-cerebral ad-
ministration to the Wistar male rats, prominent
downregulation of the neuronal differentiation
marker — BIII tubulin, apparently, indicating to
neuron’s back remodeling, was observed in the-
ir hippocampus. Bearing in mind such effect of
anti-CRMP2 antibodies and the exact timefra-
me between antibodies administration and
sampling hippocampus, we tried to reveal the
role for downregulation of BIII tubulin in deve-
lopment of epileptic seizures. However, intra-
cerebral administration of anti-CRMP2 antibo-
dies to the audiogen stress-tolerant Wistar male
rats did not bring to induction of epileptic sei-
zures during their exposure to 3-min audiogen
stress 3 days after antibodies administration.
Thus, this result demonstrates that neuron’s
back remodeling does underlie the molecular
mechanism of epileptic seizure initiation. It ap-
pears, that opposite cause-effect relationship is
probable and epileptic activity and following
correspondent changes of neurochemical
background of the neurons involved into epi-
leptic seizures are capable to induce their back
remodeling.

The results of the study indicate that
chronic epilepsy brings to decline of the level
of CRMP2 in the patients’ platelets, to promi-
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nent decline of the level of natural anti-CRMP2
autoantibodies in their serum, to prominent dec-
line of the level of BIII tubulin in their platelets
and to upregulation of NGF in their serum.
Downregulation of BIII tubulin in the platelets
and upregulation of NGF in the serum, pro-
bably, indicates to epileptic seizures-engaged
neurons’ back remodeling. Experiments on the
rats administered intra-cerebrally with CRMP2
and subjected later to audiogenic stress give
grounds to state primary role for epileptic acti-
vity in induction of neurons’ back remodeling.
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EPILEPTIK QICOLMALARIN VO BEYIN NEYRONLARININ GERi REMODELLOSMOSININ
QARSILIQLI 9LAQOSIi: KLINiK VO EKSPERIMENTAL TODQIiQAT

R.H. ibadova, A.A. Mehdiyev

Bu moqals epileptik aktivlik vo beyin neyronlarinin geri remodellosmo prosesi arasindaki garsiligh slage problemini
Gyranir. Tadgigata pre-puberts yaginda olan, har iki cinsa mansub xroniki epilepsiyali pasientlor daxil edilmigdir. Eyni yasda
olan saglam soxslor kontrol grup yerina istifads olunub. Pasientlorden gan niimunaleri qicolmaarast donemds gotiiriilorak
trombositlor va serum ayrilmigdir. Dolayr immuno-enzim analizi tsulu ilo pasientlorin trombositlorinds collapsin-response
mediator protein 2-no (CRMP2) vo BIII tubuline, zerdablarinda iso tobii CRMP2 gars1 autoanticisimlar va Sinir boyiima fakto-
ru (SBF) saviyyasina baxilmisdir. Trombositlordo CRMP2 va BIII tubulin saviyyasinin azalmasi, zordabda iss tobii CRMP2
garst autoanticisimlor saviyyasinin ciddi azalmast va SBF-nin saviyyasinin artmast miiayyan olunmusdur. N6vbati marhalada
CRMP2-nin beyindaxili yeridilmasinin tosirinin 6yranilmasi {igiin stressa doéziimlii Vistar erkak sicovullar se¢ilmis va audio-
genik stress effektino doziimliiliiyii Gyranilmisdir (90-120 db, 3 daq). Sigovullarda CRMP2-nin totbigi zamam audiogenik
stresso moaruziyyat sirasinda epileptik qicolma yaranmamusdir. Noticalora asason, epileptik aktivlik zamani beyin neyronlari-
nin geri remodellogmasinin bas vermasi va eyni zamanda epileptik aktivliyin 6ziiniin epileptogenezs gosulmus neyronlarimn re-
modellasmasinin sabab ola bilacayi sdylanils bilar.

Acar sézlari: epileptik pasientlor, trombositlor, qanin zardab:, collapsin-response mediator protein 2 (CRMP2),
CRMP2-nas qars: tabii autoanticisimlar, I tubulin, sinir boyiima faktoru, immuno-enzim analizi
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B3AUMOCBA3b MEXKAY SIMAWJIEINITUYECKUMHU CYJOPOI'AMU U OBPATHBIM
PEMOJIEJITMPOBAHUEM HEMPOHOB I'OJIOBHOI'O MO3I'A: KJIMHUYECKOE U
9KCHEPUMEHTAJBHOE UCCJIE/JOBAHUE

P.X. U6anoBa, A.A. MexTueB

CraTps MOCBSILEHA BONPOCY B3aUMOCBS3M MEXK/Y SMIJICIITHYECKON aKTHBHOCTBIO U IIPOLIECCOM 00paTHOTO pe-
MOJISTIMPOBAHNSI HEHPOHOB roJIOBHOro Mo3ra. MccnenoBanust ObUTM BBINIOJIHEHBI Ha OOJIBHBIX XPOHUUYECKOH SMUIIeTIC U-
el mpemybepTaTHOrO Bo3pacTa M 00oero mnoja. B kayecTBe KOHTPOJIBHOM IPYHITBI UCIIOIB30BAIN 3/I0POBBIX JIHI[ TOTO
e Bo3pacTa. [IpoOBI KpOBH, M3 KOTOPOH BBEINEISIN TPOMOOUIMTHI M CHIBOPOTKY, 3a0HMpaiiil y OONBHBIX B MHTEPBAJC
BPEMEHH MEXAY CyIOporaMu. MeToqoM HempsiMOro MMMYHO(EpPMEHTHOTO aHalIHu3a ONpeAeIsuTH YpoBHHU collapsin-
response mediator protein 2 (CRMP2) u BIII TyOynmuHa B TpoMOOIHMTaX W YPOBHH €CTECTBEHHBIX AyTOAHTHTEN K
CRMP2 u ¢paxropa pocra HepsoB (PPH) B mpobax ceiBOpoTKH 00IBHEIX. BEIIO BRIsIBICHO cHIKEeHNE ypoBHSI CRMP2 1
BII TyOynuHa B TpoMOOLIMTaX, @ TAKXKE PE3KOE CHIDKCHHE YPOBHS €CTeCTBEHHbIX ayroanTurenl Kk CRMP2 n yBennue-
uue ypoBHs ®PH B mpobax ceiBopoTkH. B crenmyromieil cepun HCCICIOBAIN BIUSHUC BHYTPUMO3TOBOIO BBEACHUS
CRMP2 ctpecc-ycTORYMBBIM KpbIcaM-caMiiaM JUHUM BucTap Ha yCTOMYMBOCTE K BO3/IEHCTBHIO ayIMOTEHHOTO cTpecca
(90-120 ub, 3 mun). Beeaerne CRMP2 kpsicam He BBI3BIBAIO BOSHUKHOBEHHUS SMUICNITHICCKUX CYOPOT MO BIHSHH-
€M ayJuoTeHHOro crpecca. IlomydeHHbIC pe3ynbTaThl MO3BOJIIOT MPUHTH K 3aKITIOYCHHUIO O 33JCHCTBOBAHHOCTH MPO-
ecca 0OpaTHOTO PEMOAEIMPOBAHUS HEHPOHOB TOJIOBHOTO MO3Ta B SIMIJIENTHYECKON aKTUBHOCTH M O TOM, YTO cama
SMUIENTHIECKAs] AKTUBHOCTH IPHBOANT K MHIYKIUH OOPAaTHOTO PEMOJEIMPOBAHUS B BOBJICUEHHBIX B SIMICHTOTCHES
HEHUpOHax.

Kniouesvie cnosa: snunenmuueckue 6oavivle, mpomboyumsl, cbleopomka kposu, collapsin-response mediator

protein 2 (CRMP2), ecmecmeennvie aymoanmumena k CRMP2, BIII my6ynun, ¢pakmop pocma nepeos, uMMyHOpep-
MEHMHbLIL AHATU3
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