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In spite of wide range of pharmacological agentestigated for protect-
tion of neuronal cells from ischemic damage, oriyited structures have
revealed effectiveness for stroke treatment [1(Q, Ib8view of this, the inves-
tigation and development of neuroprotective drugslefensive compounds for
nervous tissue remain as one of the importanstagkeurology [4].

The recent investigations have given evidence tr of the most
important sources for pharmacological improvemenischemic damage are
endogenous neurochemical components of brain, dmguneuropeptides [7],
neuroactive amino acids [12, 14], neurohormone$, [iBospholipids [13, 19]
etc. Citicoline, the endogeneous ether of cytidind choline, has been among
attractive investigated substances in the last dewades. It is known that
citicoline is a safe drug (LD50 value for rats {430 mg/kg) [9] approved for
the treatment of acute stroke due to its abilityetthance neurological and
functional recovery after ischemic brain damage R]- The possible
mechanisms of its neuroprotective action were paisd to be: (a) repair of the
neuronal membrane via increased synthesis of platisgicholine; (b) repair of
damaged cholinergic neurons via potentiation otyddeoline production; and
(c) reduction of free fatty acid buildup at theesidf stroke-induced nerve
damage [8, 16]. That is why neuroprotective effedtsiticoline have remained
the object of remarkable interest for scientifiovastigation as the exact
mechanism of the mentioned activity remains stikmown [6, 11].

Thus, the aim of the presented study was investigalf citicoline ability
to prevent the morphological changes typical diiésuic disturbances.

Materials and Methods

White inbred male rats, weighing 180 to 200 g, wesad in the
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experiments. All rats were kept under controlledimmmental conditions

(ambient temperature 22°C, 12/12-hour light/dar&eylights on at 7:00 AM).

Standard laboratory chow and tap water were givkehbstum. The study was
conducted according to the principles of the Guinlehe Care and Use of
Laboratory Animals [21].

Local ischemia was obtained by the middle cerebrggry occlusion
(MCAO) by the method of Tamura et al. [20], modifiey Topchian et al. [22]
with use of chloral hydrate anesthesia (400 mg/ky,

Animals were divided into three groups. In the tfimnd second
experimental groups rats with MCAO received citicel (Somazina, Ferrer
Internationa) immediately after occlusion in a dose of 12.5 kggtwice per
day during 6- and 12 days, respectively. The tleiodtrol group of animals
received normal saline under the same conditionse®f citicoline was chosen
based on clinical trials [5].

For histological analysis, sections of the brassuie were taken 6 and 12
days after MCAO [17]. The preparations were staingth hematoxylin-eosin
according to the standard operating protocol. Aftecapitation, the rat brain
was extracted under cold conditions (on ice) anchédiately fixed in a 10%
buffered formalin neutral solution. 24 hours afteation, a frontal dissection of
the brain tissue was carried out in the projectdrthe pool of the middle
cerebral artery. Sliced pieces were embedded taffparto form paraffin
blocks, from which serial sections with a thicknetd um were obtained.

Results and Discussion

The investigation has shown that daily intrapeetrciticoline injection
in the dose of 12,5 mg/kg causes decreasing of motwgical changes after
MCAO in rat brain. The study of structural changgsstaining of the frontal
sections of the brain made it possible to detssug changes in the regions of
both left and right middle cerebral arteries analaracterize the comparative
morphological changes of occluded (left) and nafwed (right) hemispheres,
as well as the degree of its depending on the idaraf the MCAO — induced
ischemia.

The time intervals for the rat brain histopathobadi analysis were
selected based on the evaluation of the affected ar the chosen model,
performed by Topchian AV et al. [22] according tdigh the formation of
ischemic focus is observed on the 6th day after ®CAo characterize the
long-term results, sections of the brain tissuesvedso analyzed on the 12th day
after occlusion.

The morphological examination of the sections @fibtissue isolated on
the 8" day after MCAO showed that in control group ofraais local ischemia
was accompanied by atrophic changes in the ipsalateemisphere Caudate-
putamen complex (CPu), Globus pallidus (GP) zonearfex (Fig. 1) with
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signs of pyknosis of neurons in the same zonehéncontralateral hemisphere
with a preserved structure, hyperemia of the vessielhe microcirculatory bed
was observed.

" - A v \ S
Fig. 1. Pyknosis of neurons of ipsilateral CPu affdz8ne of cortex on thé'@lay after MCAO
(hematoxylin-eosin400)

The study results have shown that in case of isargathe occlusion
duration up to 12 days similar morphological changeere observed. In
response to ischemia a necrosis of brain cort®aim and Cgl fields have been
noticed. Local ischemia in the ipsilateral hemigphef rats after 12 days
MCAO was accompanied also by focus of hemorrhagbh twmosiderosis in
the area of frontal amygdaloidal field with theafjliough scars formation in the
area of the ipsilateral CPu and GP, outer capgulmarked venous vascular
dystonia was also noted (Fig. 2). Cortical arteriese "empty", convolutive.
Hyperchromatosis with focal pyknosis of neuronghie cortical fields — Parl
and Cgl of the ipsilateral hemisphere was mentioié@ structure of right
hemisphere was retained.

A

Fig 2. Venous vascular dystonia and haemorrhageerofiromatosis with focal pyknosis of
neurons in the cortical fields — Parl and Cgl efifisilateral hemisphere on the"@ay after
MCAO (hematoxylin-eosinx200)



Menununckas Hayka Apmennn HAH PA 1. LVIII Nel 2018 43

In comparison with the control group in the expeanrtal group of
animals receiving citicoline after 6-days of MCA@ Wwave noticed comparable
recovery of histostructure of rat brain tissue. liRmation of glial cells in
subcortical layer was observed. Though, a symmédtyigeraemia of brain
capillaries, pyknosis of ipsilateral cortex wererséFig. 3).

A | " B

Fig. 3. Proliferation of glial cells of subcortidalyer and pyknosis of ipsilateral cortical fields—
Parl and Cgl on thé"@lay after MCAO with intraperitoneal citicoline ijéon
(hematoxylin-eosinx200 (A) and x400 (B))

More significant recovery changes have been obdeimethe expe-
rimental group of rats after 12-days MCAO compawvéth 6-days ischemia.
Evident gliosis in the areas of CPu, GP of ipsikdténemisphere with pro-
liferation of vessels without rough scarring wastesti. There were not any signs
of vascular disorders in the ipsilateral and cdatesal areas. There was also
noted a prevention of neuronal damage in the Pad1Cayl fields of ipsilateral
hemisphere. The cortical layer was preserved. Téwricles of hemisphere
were symmetric (Fig. 4).

A B

Fig. 4. Gliosis without rough scarring in the are&a€Pu, GP of ipsilateral hemisphere with
proliferation of vessels on the i@ay after MCAO with intraperitoneal citicoline égtion
(hematoxylin-eosinx200 (A) and %400 (B))
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Thus, the morphological investigation gives evidetitat citicoline has
ability to protect brain tissue from ischemic dasags morphological changes
caused by MCAO were prevented both aft8rahid especially 2days of
intraperitoneal injection of the mentioned compauFige obtained results could
serveas evidence-based data for the neuroprotectiveaeffiof citicoline.
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botuhly Unpdninghujutt mppnwhwpnidubph pupbjuynudp
wrbbwnttph Unin ghnhlnjhtth wqnpbgnipjudp

S.U. @phgnpui, U9, Muyyu, U.QG. Pujuuwuiyut

Uwnwugué wpyniupubpp Jyuynid G, np ghnhlinihup jubhowp-
ghnud £ nu) hobdhwjh wpnniupnid wnwowugws Unpdninghwljue
thnthnpunipnitutpp, hwpnigjws dhohtt minknuwyhtt quplhtpulh juw-
wnudny (UNPQY): 8hwhlnjhuh 6 b hwnjuybku 12 op wmlnnnipjudp
ubkpnpnujtughtt tkpupynudp nigklgymid £ UNPQY-ny hwpnigdus
hiniujwspwwppnupwiwjut thnthnpunipnibiutph juthupgbjdwdp:

Ujuyhuny, hpwljuwbwgjws hbnnwgnunnipjut wpnyniuputpp gnyg
wnytghl, np ghnhlnihtip uwonwwiunid £ ninknuyhtt hyntuqudpp hok-
dhwjhg: Zknmwgnuumipjut wpyniupubpp Jupnn tu swnwyk npytu gh-
wmhlnihth tnp uppuuyuwonyut wqpkgnipjut wpynibwybnnpjub
wujwugnijg:

Yayuuienue nmeMu4ecKUX MOP(OJIOrn4ecKux MoBpeKIeHui
N0J BJMSIHMEM IIUTHKOJIHUHA Y KPbIC

T.C. I'puropsin, A.B. Ilansan, M.I'. banacausin

[ToydeHHbIe JaHHBIE CBUICTEIBCTBYIOT O CHOCOOHOCTH ITUTHKOJIUHA
yCTpaHATh MOP(OIOTHUECKUE H3MEHEHHS JIOKAJILHOW WIIEMUH, BBI3BAHHBIC
OKKIIfO3Mel cpemneil MosroBoii aprepuu y kpbic (OCMA). BuyrpubpromiHast
WHBEKIINS ITUTHKOJIMHA B TeueHne 6 W, 0coOeHHO, 12 CYyTOK CONPOBOXKIAETCS
MpeIoTBpalieHneM MOP(HOIOTUIESCKUX H3MEHEHHH, BhI3BaHHBIX OCMA.

Takum 00pazom, MOP(HOIOTHIECKUE UCCIICAOBAHUS ITOKA3ad, YTO [UTH-
KOJIMH 3allfINacT TOJIOBHOM MO3r OT HWIIeMHH. Pe3ynmpTaThl HCCIeTOBaHUS
MOTYT CITY’)KHTh JOKAa3aTeILCTBOM HOBOI HEHPOMPOTEKTUBHOHN 3(PpPeKTHBHOCTH
IUTHUKOJINHA.
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