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Stroke is one of the leading causes of morbidity and mortality worldwide
and according to the World Health Organization Statistics in 2030 stroke will be
the leading causes of death in the world [14]. It is among the leading causes of
adult long-term disability and loss of quality-adjusted life span [21]. Cerebral
ischemia is the most common type of strokes, making 87% of all strokes [19].
Neurobehavioral consequences of cerebral ischemia includes wide spectrum of
disturbances, such as paralysis, apathy, irritability, learning and memory
difficulties, depression and anxiety. Post-stroke anxiety disorder is especially
widely recognized in clinical field, with a prevalence of 12 - 28% [16]. Limited
numbers of therapeutic treatments are available clinically and these treatments
are only applicable to high selective groups. Thus, there is an urgent need to
have a safe and effective treatment, and the development of new agents for
stroke treatment is essential.

In this view the effects of the recently discovered PRP-1 on
neurobehavioral changes caused by cerebral ischemia were investigated. The
novel hormonal brain system of proline-rich polypeptides, consisting of 10—15
amino acids and four proline residues discovered by Galoyan et al. [13,15] are
of special interest. It has been shown that one of them, PRP-1, consists of 15
amino acids and has the following primary structure: Ala-Gly-Ala-Pro-Glu-Pro-
Ala-Glu-Pro-Ala-GLn-Pro-GLy-Val-Tyr (AGAPEPAEPAQPGVY). It is pro-
duced by neurosecretory cells of hypothalamic nuclei (nucleus paraventri-
cularis [NPV] and nucleus supraopticus [NSO]). There have been shown the
beneficial effects of PRP-1 [1-2, 6-12, 20], including neuroprotective properties
[5]. It was demonstrated cerebrovascular activity of PRP-1, which was
displayed by increasing of local cerebral blood flow [3].
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Materials and Methods

Animal preparation

Adult (4-5 months) male Albino rats, weighing 180-240g, were used. All
animal’s manipulations were approved by the Institutional Committee for the
Humane Use of Animals (Ethics Committee) at Yerevan State Medical
University, in accordance with the guidelines established by European
Convention for Animal Care and Ethical Use of Laboratory Animals. Animals
were housed in standard laboratory conditions with relative humidity of 40-
70%, at a room controlled temperature of 25112°C, under natural 12h light : 12h
dark cycle. Rats were kept in standard laboratory cages (no more than 6 rats per
cage) with free access to water and food. All the experiments were carried out
between 9:00 and 18:00. The animals were allowed to acclimatize for 1 week
prior the experiments.

Surgical procedure: left middle cerebral artery occlusion (MCAQO)

Rats were anesthetized with chloral hydrate (dissolved in distilled water)
at the dose of 400 mg/kg, intraperitoneally (i/p). The animal was placed on an
elevated platform and its head was secured in a steriotaxic frame. The
instrument used during the operation was a neurochemical Binocular Magnifier
LBVO, with a fiber illuminator (Saint Petersburg). An incision of 1.5cm
between the left eye and ear was made. The temporalis muscle was reflected
from the underlying cranium. The zygoma was removed and the masseter
muscles were retracted. The following procedure included a left middle cerebral
artery occlusion, which was done by using a microsurgical microscope (OGME-
PZ) set at a wide distance (f=190mm) and under a high focus (14x3.3). A small
burr-hole (2mm in diameter) directly overlying the MCA was made using a
high-speed dental drill under continuous saline irrigation. Care was taken to
avoid thermal or physical injury to the dura. The 10-0 Ethicon suture was
inserted under the left middle cerebral artery by sticking a needle through the
dura mater. We used an adapted version of the Tamura et al. [22] method,
modified by Topchyan A.V. [23]. According to this modified method, we did
not remove the dura mater, instead we encircled it and then performed ligation
on the middle cerebral artery. Furthermore, by Tamura et al. [23] method the
ligation of the middle cerebral artery was done distal to the origin of the
lenticulostriate artery, proximal to the inferior cerebral vein. In our experiments
the ligation was done on the basis of middle cerebral artery, in order to enhance
damage to the cerebral ischemia. After ligation of the middle cerebral artery
(MCA) the blood flow was interrupted, which could be noticed under a surgical
microscope. The temporalis muscle and skin were allowed to fall back and were
then sutured separately. After MCAO the animals were divided into the
following groups:

I group — occluded animals injected 0,9% NaCl twice daily
(MCAO-+saline treated rats),



Menunuackas nayka Apmennn HAH PA 1. LIV Ne3 2014 31

II group — occluded animals injected PRP-1 20ug/kg twice daily
(MCAO+PRP-1 treated rats). All rats were tested in EPM and Rota-rod tests
before being subjected to MCAO and after divided into groups consequently on
the 3, 6™ and 12" day after MCAO.

Measurement of anxiety-related behavior

Evaluation of anxiety-like behavior was assessed in elevated plus-maze
(EPM) test model, which is one of the most widely used animal models in
contemporary preclinical anxiety and is based on unconditioned fear [17, 25].
The plus-maze was made of black wood and consisted of a central platform (10
x 10 cm), two opposite arms (50 x 10 cm) and enclosed arms (50 x 10 x 40 cm),
which were elevated 50 cm above the floor [4]. To prevent rats from falling off,
both sides of the arms were equipped with white rims (0.5 cm high). The EPM
was situated in a bright light room, and the placement and lighting conditions
were identical for each trial. At the beginning of each session, rats were placed
in the center of the maze facing an open arm and were allowed to explore the
maze for Smin. Thus, it was examined: percent of the time spent on the open
arms, the open arm entries, percent of the time spent on the closed arms, total
arm entries and the center square time. The animal was scored as having entered
the arm when all four paws were inside the arm. Testing equipment was
thoroughly cleaned up after each animal.

Evaluation of motor coordination

Maximum running capacity was measured using a motor coordination
test [18, 26], the Rota-rod treadmill for rats (accelerating model 7750, Ugo
Basile, Varese, Italy). The rats were placed on the rotating drum with an
accelerating rotor mode (10 speeds from 4 to 40 rpm for 5 min). The apparatus
recorded the time till the animal’s fall from the rotating shaft as a performance
time. The animals were trained for 5 trails per day for 2 days before MCAO to
obtain stable baseline values.

Data analysis

The obtained values were expressed as the mean + S.E.M. Student’s
paired t-test was performed to test for significant differences within the groups.
One-way analysis of variance (ANOVA) was used to determine significant
differences between the experimental groups. Statistically significant
differences were inferred for P<0.01 and P<0.05. Statistical analyses were
performed by computer software.

Results and Disscussion

One of the important neurobehavioral consequences of cerebral ischemia
is anxiety. That is why one of the most implemented methods used for
assessment of drug’s efficacy and treatment outcome is the evaluation of
anxiety. In view of this it was investigated rats behavior in EPM test, as this test



32 Menununckas nayka Apmennn HAH PA 1. LIV Ne3 2014

was undoubtedly one of the most widely used animal models of anxiety in the
last two decades [17] in contemporary preclinical research on anxiety.

The EPM data are shown on Fig.1, 2, and 3. The carried out experiments
demonstrate that MCAO is accompanied by anxiety development in ischemic
rats. It is obvious that on the 3™ post-ischemic day (Fig.1), behavioral changes
in saline treated rats (MCAO-+saline) are noticeable: the time spent on open
arms is decreased for 67.5% (A) (F.33=16.2 (P<0.01)), percent of the open
arms entries — 27% (B) (F(i35=3.4 (P>0.05)), total entries — 36.2%(C)
(Fa38=21.7 (P<0.01)), the center square time — for 68.2% (D) (F(1.38=25.7
(P<0.01)) compared with the controls. It was revealed that the injection of
PRP-1 (MCAO+PRP-1 in the dose of 20ug/kg 2 times daily) prevents anxiety
development, as there is a noticeable confidential enhancement of the time spent
on the open arms — for 51.7 % (A) (F.28=7.3 (P1<0.05), percent of the open
arms entries — for 47.5% (B) (F(1.28/=10.6 (P;<0.01)), the center square time —
more than twice compared with saline treated rats (D) (F(1.25=18 (P1<0.01)).
Though, for the total entries (C) there was registered a decrease — for 19.6%
(F:28=3.2 (P>0.05)) compared with saline treated rats.
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Fig. 1. Anxiety-related behavior of rats in the EPM on the 3™ post-ischemic day. A—
time in seconds spent on the open arms, B—percent of the open arms entries, C—total
entries, D—the center square time in seconds. Each value indicates the mean + S.D.
Significant differences: P—in comparison with the pre- MCAO rats, P,—in comparison
with the MCAO+saline treated rats, * -P, P, [1 0.05; ** - P, P, [1 0.01.
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On the 6™ post-ischemic day it was obtained further development of
anxiety, which was displayed by decrease of all parameters characterizing the
rat’s behavior on EPM test. Thus, on Fig. 2 it is noticeable that on the 6™ post-
ischemic day, in saline treated rats the time spent on the open arms is decreased
for 79.5% (A) (Fu38=21.9 (P<0.01)), percent of the open arms entries — for
52% (B) (F(y.38=3.4 (P>0.05)), total entries — 37.5% (C) (F(.35=23.3 (P<0.01)),
the center square time — 64.2% (D) (F(1.35=21.5 (P<0.01)) compared with the
controls. The injection of PRP-1 during 6 days after MCAO (immediately after
ligation, twice a day, 20upg/kg) showed more extended anxiety. Thus, it is
noticeable an enhancement of the time spent on the open arms more than 7
times (F(1.28=12.5 (P1<0.01)) (A), and the percent of the time on the open arms
about 2 times (B) (F(.25=12.3 (P;<0.01)), exceeding the pre-MCAO values.
The center square time (D) on the 6™ post-ischemic day is increased for 69%
(F128=3.0 (P;>0.05)) compared with MCAO+saline group rats, though the total
entries (C) is decreased for 8% (F(j.23=4.8 (P1<0.05)) compared with the saline
treated rats.
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Fig. 2. Anxiety-related behavior of rats in the EPM on the 6 post-ischemic day. A —
time in seconds spent on the open arms, B — percent of the open arms entries, C — total
entries, D — center square time in seconds. Each value indicates the mean + S.D.
Significant differences: P — in comparison with before MCAO rats, P, — in comparison
with MCAO+saline group rats. * -P, P, [1 0.05; ** - P, P, (1 0.01.
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The same analysis of rat’s behavior was done after 12 days of MCAO.
Thus, on Fig. 3 it is demonstrated that on the 12" post-insult day all parameters
of the EPM in MCAO-+saline group rats are decreased as follows: time spent on
open arms in seconds for 73.9% (A) (F35=18.8 (P<0.01)), percent open arms
entries for 40.9% (B) (F(i.35=9.0 (P<0.01)), total entries for 26.25 %(C)
(F1:38=20.2 (P<0.01)), center square time for 59.2% (D) (F(1:35=19.2 (P<0.01))
compared with control group rats. As it is shown on the above mentioned
figures, the parameters characterizing rats’ behavior in EPM test are decreased
compared with 3" and 6™ days after MCAO. Though, i/p. injection of PRP-1
during 12 days after MCAO shows more extended anxiety. Thus, in case of
MCAO+PRP-1 treatment all the values are increased, even exceeding the ones
before MCAO values. The time spent on the open arms (A) compared with both
the MCAO-+saline and the control group rats was increased in the appropriate
way: for 484% (F(1.25=14.4 (P,<0.01)) and for 52.4% (F(1.47=5.4 (P<0.05)), the
percent open arms entries for 129%(B) (F(.25=32.7 (P,<0.01)) and for
35.4%(F 1.477=35.7 (P>0.01)), the center square time (D) for 202% (F.25=149.7
(P1<0.01)) and for 23.3%(F.47=5.5 P<0.05)), the total entries (C) for 33%
(F128=39.4 (P;<0.01)) compared with saline treated group rats, and was about
of the same value as it was in case of the controls (F;.47=0.01 (P>0.05)).
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Fig. 3. Anxiety-related behavior of rats in the EPM on the 12" post-ischemic day. A —
time in seconds spent on the open arms, B — percent of the open arms entries, C — total
entries, D — center square time in seconds. Each value indicates the mean + S.D.
Significant differences: P — in comparison with before MCAO rats, P; — in comparison
with MCAO+saline group rats, * -P, P; [1 0.05; ** - P, P, [1 0.01.
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Thus, our investigation indicates that the local ischemic damage of the
brain induced in particular by the long-term exposure (6, 12 days) of MCAO,
within the selected EPM model for the assay of anxiety-related behavior, results
in an expressed anxiety development: decrease of the time spent on the open
arms, the open arm entries and the center square time with the locomotor
activity. Obtained data indicate the anxiolytic effect of the PRP-1: increasing
the time spent on the open arms, the open arms entries, center square time, total
entries respectively. For evaluation of potential therapeutic efficacy of
neuroprotection and assessment of the treatment outcome, besides the cognitive
and behavioral characteristics, motor disbalance is important as well. The Rota-
rod test is an established motor test to evaluate the balance and coordination
aspects of rats before MCAO and on the 3", 6" and 12" post-ischemic days.

The experiments have shown that before MCAO animals had a moderate
level of motor coordination which was counted by the failing frequency from
the revolving rod. From Fig.4 it is obvious that the control group value of fall-
down time was equal to 43.9+18.4 (n=40). After MCAO on saline treated rats
the fall-down time is decreased consequently: on the 3™ day it is equal to 29.1+
17.1 (for 33.7%) (F(1.50=8.99 (P<0.01)), on the 6™ day — 16.9+ 15.8 (for 61.5%)
(F(1;59=31.28 (P<0.01)), and on the 12" day — 8.6 + 8.5 (for 80.4%) (F(1:50=65.8
(P<0.01)). PRP-1 treated rats have a shown reduced fall-down time compared
with saline treated group — for 36.4% (39.7 + 23.6 ((F(;39=2.61 (P;>0.05)) on
the 3™ day post-insult day. On the 6™ and 12" post-ischemic days of PRP-1
treatment there is observed a noticeable improvement of the value in
comparison with both the saline and control group rats, appropriate by for 319%
(70.9 + 79.8) (F(1:39=8.8 (P1<0.01)and for 61.5% (F(;.59=4.1 (P<0.05) on the 6"
day after MCAO, and for 91,6% (87.4 + 92.1) (F(i;39=14.5 (P,<0.01) and 99%
(F(1.50=8.3 (P<0.01)) — on the 12" day after MCAO.

Our data show that MCAO occlusion leads to development of motor
discoordination, especially after 12 days. The mentioned disorder has been
prevented by a long-term (during 12 days) administration of PRP-1.
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Fig. 4. Motor learning and coordination in the Rota-rod test. Each data point represents
the mean + S.D. Significant differences. P — in comparison with pre-MCAO rats, P;-in
comparison with MCAO+saline group rats, * -P, P, [J 0.05; ** - P, P, [J 0.01.
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Thus, investigation of PRP-1, discovered as a unique mediator of the
hypothalamus — neurohypophysis — bone marrow — thymus axis with immuno-
tropic, neuroprotective, anti-ischemic, antitumor properties and its cerebro-
vascular effect [3], demonstrated that the mentioned peptide has the ability to
protect ischemic brain tissue [24], which is displayed by improvement of
behavioral outcomes after MCAO. PRP-1 prevents the development of anxiety
and corrects motor coordination caused by local ischemic injury.

Hence, the obtained data could serve as a basic platform for development
of PRP-1 as a potential protective agent for stroke management.
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I'unoranamMuyeckuii NPOJMHOM OoraThii moJMnenTua-1 yiaydmaer
MOBeJIeHYeCKHEe Pe3yJIbTaThl Y KPbIC B MOAeJH (POKATBHON HILIEMHH
roJ1I0BHOI'0 MO3ra

J.JIL.Epuusn

Hoselit mposninaom Oorateiii nonunentua-1 (I1bI1-1) — menuarop, Boiae-
JICHHBIN W3 HEMPOCEKPETOPHBIX TpaHys Hewporunodusza N. supraopticus u N.
paraventricularis KpyImHOTO pPOTaTOro CKOTA, MPOSBISIET LIMPOKUN CIEKTP
OMOIOTMYECKON aKTUBHOCTH, BKIIOYAIOIINI aHTHOKCHIAHTHOE, HEHpPONpPOTEK-
TUBHOE U aHTUMHUKpoOHOe neiicTBue. [1BII-1 cocoOGcTByeT Takke yiydIIeHUIo
KpOBOCHAOXEHHUsI MO3ra, HEe BBI3BIBAs OCOOBIX H3MEHEHHH B CHCTEMHOM
apTepuaJbHOM JaBiieHUH. l[IpuHuMMass BO BHUMAaHUE OIKCAHHbBIE CBOMCTBA
I1BI1-1, ObU1O0 MCcCIeAOBAaHO €ro BIMSHHE HA W3MEHEHHUS MOBEACHUS KPBIC C
nepeOpanbHON UIIEMUCH.

doxkanpHas MO3roBasi MIIEMHUs] ObUTa CMOJECIUPOBAHA OKKJIFO3UCH cpell-
Helt Mo3roBoit aprepun (OCMA) y kpric. [loBegeHe )KUBOTHBIX OIICHUBAJIOCH
B TECTE NPUNOOHAMO20 KPeCcmooOpa3no2o aabupunma, KOOPAUHAIUS JIBHKeE-
HUI — B Tecte Rota-rod.

[Tokazano, yto OCMA y KpbIC CONPOBOXKAAETCS PA3BUTHEM JBUTATEIb-
HOH auckoopauHAnwH U TpeBoxxHoctH. B/6 BBemenue [1BI1-1 kpericam ¢ OCMA
B 103e 20 MKI/Kr B TedeHue 6 u, ocobeHHo, 12 cyTok (1Ba pa3a B JIeHB, cpa3y
Mocjie TMepeBA3KH) MPEMATCTBYET Pa3BUTHIO TPEBOXKHOCTU U JABUTaTENBHOTO
nucOananca, BBI3BAHHBIX JIOKATbHBIM HIIEMHUECKUM MOPaKEHUEM MO3Ta.
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