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Stroke is one of the leading causes of death and sustained disability
worldwide, and particularly in Armenia. Moreover, the incidence of ischemic
stroke events significantly prevails over all types of cerebral blood flow distur-
bances [6, 11]. Thus, the investigation of drugs improving the condition of
ischemic cerebral tissue is reasonable and requires searching of new active
chemical entities and new mechanisms of action. One of the approaches to
reduce the risk of post-stroke complications is the use of neuroprotective agents
capable of acting on pathophysiological mechanisms, thereby enhancing local
blood flow and preventing further expansion of ischemic zone. In these terms,
compounds that act on GABA system are of high interest, because the role of
GABA-dependent mechanisms is crucial. There are literature data stating that
compounds, increasing GABA-ergic transmission, have neuroprotective activity
[8].

Our attention has been paid to 5-HO-Ad-2-on, an adamantane derivative,
the mechanism of action of which and the effects on the cerebral blood flow
were studied earlier. Particularly, it has been shown that 5-HO-Ad-2-on (100
mg/kg, i.v.) enhances the local blood flow in the cerebral cortex of rats under
the conditions of global transient brain ischemia, while not influencing the brain
blood flow in intact rats. In the same dose, adamantane derivative significantly
decreases mortality in rats under conditions of hypergravity ischemia. The
cerebrovascular effect of 5-HO-Ad-2-on is abolished by bicuculline (GABA-A
receptor blocker), which is evidence for a GABA-ergic component in the
mechanism of its cerebrovascular action [4]. Under the conditions of permanent
OMCA, 5-HO-Ad-2-on recovered compensatory regeneration in neural cells,
axons, and glial cells, and the number of microcirculatory vessels was increased
[5].

In the course of current study the anxiolytic-like effect, as well as the
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effect on rats’ memory and learning processes have been demonstrated under
the conditions of local cerebral ischemia.

These effects are compared with those of Mexidol (2-ethyl-6-methyl-3-
hydroxypyridine succinate) — a clinically effective neuroprotective drug, having
similar mechanisms of action as 5-HO-Ad-2-on [2].

Materials and Methods

A total of 58 adult male white rats, weighting 180-250 g, were used in
current study. All animals were housed in standard laboratory conditions of
vivarium of YSMU, i. e. 40-70 % relative humidity, 25+2°C room temperature,
12 h light :12 h dark cycle. Animals were kept in standard laboratory cages, up
to 6 rats per cage and were given food and water ad libitum. All experiments
were carried out between 9:00 and 14:00.

To evaluate locomotor activity of rats and distinguish them by their
phenotypes, “open field” test was used preliminary to the main behavioral test.
Only the animals with “middle-activity” were used in further tests, having
“general locomotor activity” level between 10 and 30 [3]. As a model of local
cerebral ischemia, OMCA was chosen [9]. To prepare for the surgical proce-
dure, animals were narcotized by chloral hydrate solution (400 mg/kg, i/p).

To evaluate animals’ behavior, “clevated plus-maze” (EPM) test was
implemented. This test reveals the changes in animals’ motor activity as well as
anxiety-related behavioral changes [7]. The following criteria were measured
and used for the statistic calculations: the time spent on open arms (OT), the
time spent in the center (CT), the total number of open and closed arm entries
(TN) and the percent of open arm entries (ON/TN) [10].

As a test to estimate animals’ memory and learning processes, a step-
through, one-trial passive avoidance task (PAT) was used [1]. All selected
animals were exposed to the formation of avoidance reflex, and the latency
period (LP) of this first entrance was registered for each. On the next day, rats
were checked for reflex formation: only those with latency period above 300
seconds (thus, with successfully formed avoidance reflex) were selected for the
further experiments of memory and learning. Animals that didn’t enter the
chamber for more than 300 seconds were placed back into the cage, and LP was
considered for them equal to 300 seconds.

Animals were divided into 3 groups. The first was the control group
(n=26) undergone OMCA and received normal saline solution once daily (10
ml/kg, i/p). Before the OMCA, all animals of this group underwent testing with
EPM, as well as were checked by PAT. The animals of the second group (n=14)
received Mexidol 30 minutes after OMCA and all the following days, once
daily (200 mg/kg, i/p). And finally, animals of the third group (n=18) were
treated by 5-HO-Ad-2-on (100 mg/kg, i/p), by the same dosing regimen as
Mexidol. All animals were tested by EPM and PAT a day before OMCA and on
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the following 6™ and 12" days after OMCA, as according to literature data the
changes in neurological tissue of rats are mostly profound on these days [9].

The obtained data are represented as mean values with standard deviation
(M=£SD). Student’s t-Test was used to evaluate significance level of differences
between groups (Microsoft Excel 2007, 2-tailed, 3-type TTEST). Differences
were considered statistically significant when 0.01<p<0.05 and p<0.01.

Results and Discussion

Elevated plus-maze

The results of the first group (Table 1) show that the OMCA leads to all
four EPM criteria to decrease compared with intact rats. It can be explained by
the development of anxiety-like behavior in rats as a result of cerebral ischemia
and conform to available literature data [9]. As calculations show, the vast
majority of changes in the tested criteria are statistically significant for both the
6" and the 12" days of OMCA. Moreover, it is worth to mention that three
criteria (CT, TN and ON/TN) display some increase on the 12" post-ischemic
day, compared with the 6™ day, nevertheless being statistically lower than those
of intact group. This can be explained by the involvement of compensatory
protective mechanisms against ischemia.

Table 1
Mean results of EPM testing
OT (¢ CT (¢) TN ON/TN (%)
Group Day M + SD M + SD M + SD M + SD
Intact 0 day ( 59.77 + 60.62 = 4.08+1.92 4218+
n=26) 59.24 34.67 27.02
6™ day 13.54 + 13.77 = 1.92+0.76 23.08 +
(n=13) 20.61 10.54 (12.13x) 2311
Saline (14.41x) po (14.4x) po Po (11.83x) po
127 day 11.55+ 1827 + 2.09 +0.94 2424 +
(n=11) 1439 1464 | (11.95%) 23.99
(15.18x) po | (13.32x) po Po (}1.74x)
6" day 69.64 + 5121+ 3.29+1.59 44.05 +
(n=14) 5891 3389 | (11.71x) 2165
. (15.14x)pr | (13.72x) p, pPi (11.91x) p;
Mexidol 12" day 77.27 + 9682+ | 291+138 | 4621+
(n=11) 68.97 56.24 (11.39x) 30.13
(16.69)p." | (153%)p; (11.91x)
6™ day 80.00 £ 61.17 = 339+185 4845 +
(n=18) 66.92 40.72 (11.77x) 3521
5-HO-Ad-2- (15.91x) p," | (14.44x)p,” i (12.1x) p;
on 12™ day 72.00 £ 50.46 + 377+235 | 44.2+3549
(n=13) 69.73 36.27 (11.8x)p1" (11.82x)
(16.23x) p” | (12.76x) p;”

OT — time spent on open arms, CT — time spent in the center, TN — total number of open and

closed arm entries, ON/TN — percent of open arm entries
| — decreased compared with control; T — increased compared with control; * — p<0.01,
** —0.01<p<0.05 (po — compared with intact group, p; — compared with Saline group).
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The results of the second and third groups, receiving Mexidol and 5-HO-
Ad-2-on respectively, are represented for each EPM parameter separately.

As we can see on the Fig. 1, both Mexidol and 5-HO-Ad-2-on display
statistically significant rise in OT parameter, compared with saline-treated
groups (Table 1). Moreover, the results of the 6™ day (Mexidol - 5.14 times,
p<0.01; 5-HO-Ad-2-on — 5.91 times, p<0.01) are slightly lower from those of
the 12" day (Mexidol — 6.69 times, 0.01<p<0.05; 5-HO-Ad-2-on — 6.23 times,
p<0.01).

Time (second)

Fig. 1 and 2. The comparison of OT and CT between treatments by Mexidol, 5-HO-Ad-
2-on, normal saline solution (Saline) after OMCA, and intact rats.

CT was the second EPM parameter to be evaluated (Table 1, Fig. 2).
Here the improvement is less than for the previous parameter, but also
statistically significant. Although 5-HO-Ad-2-on reaches higher values of CT
on the 6™ day (61.17 + 40.72), than Mexidol (51.21 £ 33.89), the latter exceeds
its own value of the 6™ day almost twice on the 12" day of treatment (96.82 +
56.24), as well as value of 5-HO-Ad-2-on of the same day (50.46 = 36.27).

The results of TN parameter (Table 1, Fig. 3) reveal higher improving
tendency in the group, treated by 5-HO-Ad-2-on, especially on the 12" day (6™
day - 1.77 times, p<0.01 and 12" day — 1.8 times, 0.01<p<0.05).

1
™ ON/TN

Number (N)
Percent (%)

Fig. 3 and 4. The comparison of TN and ON/TN between treatments by Mexidol, 5-HO-
Ad-2-on, normal saline solution (Saline) after OMCA, and intact rats.

Finally, the dynamics of change of the parameter ON/TN is very close to
the first parameter (OT). Here the difference between the results of the 6™ and
12™ days of treatment, as well as between two treatment groups, is negligible.
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Nevertheless, the improvement compared to the saline-treated group is obvious
for both treatment groups (Table 1, Fig. 4).

Thus, the results of EPM show that both Mexidol and 5-HO-Ad-2-on
increase the parameters of EPM, hence indicating their capability to prevent the
formation of anxiety-like behavior in rats after the OMCA. Moreover, the
results of both the 6™ and 12" days are reaching the values close to the results of
intact group.

Passive avoidance task

The results of the first group of passive avoidance task show that the
mean latency period is very high (278.15 + 56.65) and close to the highest
possible value (300). This means that the formation of avoidance reflex was
successful for the majority of animals. OMCA brings to statistically significant
decrease of LP both on the 6™ and 12™ days: 188.08 + 129.2, 0.01<p<0.05 and
163.64 = 134.02, 0.01<p<0.05 respectively (Table 2).

Table 2
The values of latency period
. OMCA + OMCA + 5-HO-
Intact OMCA + Saline Mexidol Ad-2-on
Before | After | 6"day | 12"day | 6™day 12" | 6™day | 12" day
Terms r.f. r.f. (n=13) (n=11) (n=14) day n=18) | (n=13)
(n=26) | (n=26) (n=11)
LP () 21.65+ | 278.15 188.08 163.64$ 271.43 233.27 | 261.11 263.77
M=SD 19.91 + 56.65 + » 134.02 + . + + + .
129.2 61.03 115.01 | 90.36 | 88.48

if - 0.01<p<005, compared with intact group (after reflex formation)
- 0.01<p<0.05, compared with saline-treated group of the same day

The results of the second group revealed statistically significant increase
in LP, compared with saline-treated group on the 6™ day (271.43 + 61.03;
0.01<p<0.05), although the increase of 12" day was not statistically significant
(233.27 £ 115.01) (Table 2).

Finally, the mean LP values for the third group, receiving 5-HO-Ad-2-on,
are as follows: 261.11 + 90.36 and 263.77 + 88.48 (0.01<p<0.05) for the 6™ and
12" days respectively (Table 2). As the results show, both on the 6™ and 12"
days the improvement of memory and learning is considerable and the values of
LP are very close to the value of intact group.

Following the results of PAT testing, it is worth to mention that 5-HO-
Ad-2-on considerably prevents the lack of memory and learning processes in a
similar way as Mexidol on the 6™ day, considerably exceeding Mexidol on the
12" day of the treatment.

Summing up the results of both behavioral tests, it can be concluded that
5-hydroxyadamantane-2-on significantly prevents some behavioral outcomes of
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ischemic stroke caused by OMCA. In particular, the parameters indicating
anxiety as well as disturbances of memory and learning process are shown to be
improved. Moreover, some positive changes of behavioral outcomes even
exceeded the results of Mexidol, particularly latent period of PAT as well as
total number of entries of EPM-test for the 12™ day of OMCA.

The obtained data could serve as a basis for the further investigation of 5-
hydroxyadamantane-2-on as a potential effective agent for the management of

stroke and its complications.
Hocmynuna 04.08.15

Bausinue S-ruipokcuajaMaHTaH-2-0HA HA NOBeleHYeCKe
H3MEHEHHsI KPbIC B YCJAOBHSAX JTOKAJIbLHON HIIIEMHH MO3ra

B. C. Meankcersin

B xonme uccrnenoBaHusi OBUIO M3yYEHO AHKCHOJNUTHYECKOE ACHUCTBUE S5-
THOpOKCHadaMaHTaH-2-0Ha, a TAaKXe ero CIOoCOOHOCTh MpPEeAOTBpaIlaTh yXy.-
IIeHWE MaMATH U TPOLIECCOB OOYYEHHUS KpbIC, MEPEHECIINX OKKIIO3UIO JIEBOM
cpemHeld MO3TOBOW aprepuu. JIms OICHKH TPEBOKHOCTH OBLIM BHIOpAHBI
CIIEYIOIIUE TapaMeTphl TecTa “TIPUMOIHSTHI KPecTOOOpa3HbI JTaOUPHHT
BpeMsl, IPOBEACHHOE B OTKPBITHIX pyKaBaX, BpeMs, MPOBEICHHOE B IIEHTpE,
o0I11ee KOJMYECTBO 3aXOJOB B OTKPBITbIE W 3aKPBIThIE pyKaBa M IPOIEHT
3aX0JI0B B OTKPHITHIE pykaBa. [Ipomecc oOydeHus U ¢GopMUPOBaHUS MAMITH Y
KUBOTHBIX OBIJI OIICHEH C NPUMEHEHHEM ‘‘yCIOBHOTO pediiekca IMacCHBHOTO
n30eranus” W BBIYMCICHUEM JIATCHTHOTO MEpHONa. YTOMSHYTHIE 3(QeKThI
WCCIIEyEMOT0 COEAMHEHUS OBUIM CpaBHEHbl C KOHTPOJBHOW TpYMIOi,
MOJTy4YaBIel M30TOHUYECKHH PacTBOP HATPHUA XJIOPHAA, a TaKXKe C IIMPOKO
MPUMEHSIEMBIM B KITMHUKE IPENapaToM MEKCHIOM.

bbuto mokazaHo, UTO €XEJHEBHOE WHTpANEpUTOHEAIbHOE BBEJIEHHUE S-
rUIpOKCcHUaZaManTaH-2-0Ha B 03¢ 100 MI/KT CIIOCOOCTBYET YCTPaHEHHUIO Tpe-
BOXKHOCTH KWBOTHBIX, IMEPEHECIINX OKKIIO3UIO JIEBOW CpefHel MO3roBOM ap-
TEepHH, a TaKKe MPEAOTBPAIACT YXY/IICHHE MMaMsATH U MPOILECCOB 00ydeHUs.
Brio npoBeneno cpaBaenue 3¢ GeKToB Ha 6-i U 12-ii AeHb Mocie MepeBsA3KH.

5-hhnpopuhwunudwtitnui-2-oth wqnpkgnipniit wntubwnukph

Juppugswihl thnthnjunipiniibph fpw mnbnh inluy pokdhugh
wyuydwbbtpnid

d. U. Ukjhpubipjul

Zhnwgnuumipjut vwhdwbttpnud ntunidtwuhpdt) £ 5-hhnpop-
vhunuuiwbtnwi-2-ott dhugnipjut nnuquwyudwnhy wqnbkgnipjniup,
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htsybu twb yYbkpohhu wqpbkgnipniut wnubkwnubph hhonnmiput b
niunigdwtt gnpépupugutnh Jypu: Lodws Juppugduwjhtt pwbiqupnid-
utph thnpdwpuwpujut dnpbjuynpdut tyunwulnyg junwpyt) £ wn-
Ukwnubkph dwpe Uhohtt mntnuyhtt qupykpuyh juwymd Jipehtkphu
Unnn unip hotdhl] Jupdwsh wnwowgniuny: Ykinwuuhubph wnwqtw-
wuyhtt Juppp guwhwwnbnt tyuunulng hwoduplyt) tu «pupdpug-
Jws pwswdl jwphphupnu» phunh snpu hhdbwlwh swhwihobbpp’
pug plbipnd wighugpws dudwbwlp, jhunpnunud wiughugpus dw-
dwbwlp, pug b thwl plbph dnwnptph puinhwtnip pwbwlp b pug
plubph dninptph wnlnup: Zhpnnnipjut U niumgdwb gnpépupwgh
htwnwqgnunipniup juunwpyl) b «quuhy pntuwthdwt guypdwbulub
nk$iipuh» Yhpundwdp hwoyupllng dninph junkin dudwbulju-
opowlip: Zkwnwgnuynn dhwugmpjul toqws hwnlnipmitubpp hwdk-
duwnyl] b uppupwbwlut ypulnhumnid jhpunynn dipuhnng
nknp htw, hull npybu unnighs unwdp pnpyby Bo wetbkuwnukp, npnup
Uhohtt ninbknuyhtt qupytpwlh juwynidhg htnnn pinuiyniph thnpowpki
unwgl] ku twwnphnwdh pinphnh hgnuuinthly nusnype: Ywnwpdby b Jh-
pwhwwnnipiniihg htwnn 6-pn b 12-py opyw wpyynitptiph hwdbdw-
wnnipjnii:

Zhnwgnuunipjut wpyniupubpp Jyuynud &, np 5-hhgypnpupw-
nuUwtnui-2-otp 100 dg/lg nphnuswihny (ubpnpnuwytiwght, opp Uky
wiiquu) Jutjund £ wptknubph dnn ninbknh nu) hotdhwgh wpgynii-
pnid npubinpynn nnuqtwyh qupqugnidp, husybu bwlb hhonnnipju b
niunigdw gnpépupwugutnh jpwtiqupnudp:
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