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ABSTRACT

Current research has been undertaken to investigateoprotective effects of novel antidepressanstamine (2-
methyl-3-phenylaminomethylquinolin-4-one) on brd@amage after traumatic brain injury (TBI) in rats.has been
shown that treatment with atristamine (100 mg/ka3 protective effects against TBI. This has beenodstrated
by reduced neurological deficit using McGraw scateproved indicators of orientational-exploratorgtavities and
emotional reactions in open field test, enhancedateutone and coordination of movements in verticaten test,
reduced level of anxiety in elevated plus maze Adsearched substance had positive impact on ti@griunctions
in extrapolation escape task and did not impair 9§l endurance in weight-loaded forced swimmingt.te
Atristamine showed significant antidepressant dgtiin forced swimming test, confirming his compe&as an
antidepressant in pathological state. It has bedéscldsed that atristamine did not improve the ctiods of
experimental animals in the model of bilateral camnntarotid artery occlusion. Thus, the results grahat
atristamine exhibits neuroprotective activity aggiiBl that, in conjunction with high antidepressantivity, could
extend application in clinical practice.

Keywords: 2-methyl-3-phenylaminomethylquinolin-4-one, neumtpctive activity, traumatic brain injury,
antidepressant, behavioral tests.

INTRODUCTION

Traumatic brain injury (TBI) is a leading causedigability in all regions of the world. It constiis 30-40% of all
injuries and takes the first place among indicatafrsnortality and invalidization among people of king age.
According to WHO (World Health Organization), o\ million people affected annually by TBI [1]. Buermore,
the burden of TBI is manifest throughout the waridhe course of time that actualizes a searclog&hand more
effective drugs to reduce unnecessary sufferingtolixeain trauma.

TBI launches a number of different pathobiochemloainoral responses that indirectly enhance injdrgesebral
tissue caused by direct mechanical influence [)c&there are no means for correcting the princdgin of
pathogenesis — biomechanical alterations of bissu¢, the main direction of pharmacotherapy isgmtéon of the
development of secondary processes including reledsieurotransmitters, generation of free radjcaddcium-
mediated injuries, activation of genes, dysfunctémitochondria and inflammatory responses [3}. fhe purpose
of protection of brain cells from death differembgps of drugs are widely used [4].

One of the most common and socially important lterga consequences of TBI is depression [5]. Triggsr
depressive disorders may include biological, psiadioal and social factors, but special attentibowdd be paid to
biological factors due to direct association withnehge of the brain [6], and as a result, malfunctod
neurotransmitter systems. The dependence betwermrence of depression after TBI and anatomicadlipation
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of injury that has been proved in many studies lspéa favour of this fact [7]. Consequently, in thong-term
perspective patients with depressive disordersethiby TBI widely use antidepressants [6]. Most drog this
group have neuroprotective properties that arecessal with activation of MAPK/ERK and Wnt/GSK sajn
cascades [8], but their protective mechanisms haaekground and deferred character. This is why, the
development of new safe drugs that can be usetldatment from the first hours after TBI both taireprotection
and prevention of possible depressive disordersireselevant.

High antidepressant activity of atristamine (2-nyerphenylaminomethylquinolin-4-one, figure 1) hagen
proved in previous researches [9, 10].
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Figure 1. Chemical structure of atristamine (2-metlyl-3-phenylaminomethylquinolin-4-one)

Furthermore, a unique spectrum of additional new@omacological properties of this molecule (antiwip, anti-

amnesic, alcoprotective) has been investigatedlB]1Using ELISA method, it has been shown thagraftatment
with atristamine significant diminution of serotoaiconcentration harmonizes with increased leveloplamine and
epinephrine in mice’s brain [14]. Thus, the resufsthe own experiments were the basis for the ystidthe

neuroprotective properties of atristamine that,conjunction with high antidepressant activity, abuxtend

application in clinical practice.

Thus, the purpose of current research was to ilpadstthe neuroprotective properties of atristanminghe model of
mild TBI in rats using applicable behavioral tests.

EXPERIMENTAL SECTION

Chemicals

2-Methyl-3-phenylaminomethylquinolin-4-one has beeynthesized from 2-methyl-1H-quinolin-4-one via
aminomethylation and further interaction of the Mah base obtained with aniline [15]. PiracetamO(208g/ml,
injection) has been used as standard drug in tinity s

Experimental animals

The experiment has been performed on 40 femalealigts weighting 200-240 g in compliance with Ithieal
requirements in accordance with the “European Catime for the Protection of Vertebrate Animals uded
experimental and other scientific purposes” [16]). &perimental animals were kept on the approprfabd diet
according to the standard health and safety ragoktn the vivarium at the Central Research Latooyaof the
National University of Pharmacy that certified InetState Enterprise “Centre for Drug Evaluation Bedearch at
the Ministry of Public Health of Ukraine” as a bdseresearch in experimental pharmacology.

Induction of mild TBI
Mild TBI was induced by weight-drop technique apptya dosed impact to the parietal-occipital areakall by
free fall of weight (0.05 kg) from the height o60n under light ether anesthesia [17].

Experimental protocol

The behavioral tests that would allow thoroughlwlaate the protective effects on the functionshef CNS after
mild TBI were used for revealing neuroprotectivegerties of atristamine. The protocol of the experit included
two stages. Firstly, all groups of animals wereneixed in corresponding tests before TBI in ordeidintify the

initial parameters. Then, in the same order alhnégues were repeated after induction of the pathol

Considering duration of the tests, each stage wppased to last for 2 days: the first day — opefdftest (OFT)
[18], elevated plus maze (EPM) [19], vertical soreest (VST) [20]; the second day — extrapolatisnape task
(EET) [21], forced swimming test (FST) (or Porstiiiehavioral despair” test) [22] and weight-loadestckd

swimming test (WFST) [23]. The animals’ neurologickeficit during next days after TBl was assesssihgi

McGraw scale modified by I.V. Gannushkina [24].
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All animals were divided randomly into four expeéntal groups depending on the treatment protocol:
1) intact group (n=6) — rats were anesthetized witA@itinduction;

2) disease group (n=7) — rats were anesthetized vithinduction;

3) atristamine group (n=7) — rats after TBI treatethvaitristamine in dose 100 mg/kg;

4) piracetam group (n=6) — rats after TBI treated witlacetam in dose 400 mg/kg.

Animals received appropriate agents that were agplntragastrically (atristamine as stable suspeansind
piracetam as water solution) 30 minutes beforedtidn of TBI and during next two days 30 minute$obe the
tests. The intact and the disease groups were &lenad with saline in the same order.

Statistical analysis

Mean values (M) + standard deviation (SD) have besed for statistical significance calculationsatiStical

analysis of the results has been carried out byhodst of variation statistics. Intergroup differemdeave been
calculated by the independent Student t-test. Biffees between initial and posterior parameterse Haeen
assessed using the dependent Student t-test f@dpsamples. Also nonparametric methods of analysscher
exact test) have been used. A p-valug@D5 has been considered significant.

RESULTS AND DISCUSSION

Open field test
The results of the primary research of animalsdvér in the OFT revealed initial parameters foctegroup. Also
the absence of significant intergroup differencethe animals in the intact state was proved (Taple

On the second day after the induction of mild TBkhe intact group the trend towards decreasel gfaahmeters
was observed. This fact can be explained by tHaente of ether anesthesia and the effect of “habidn”. In the
disease group after injury the same trend tookeplhat it had more expressive character: the nummbekplored
holes significantly decreased by 2.9 times (p<0tb&j correlates with diminution of the sum of tingentational-
exploratory activity parameters by 2.8 times (p&0.&nd the sum of all types of activities by 2rds (p<0.05) in
comparison with primary values. In the group ofstimine-treated animals all parameters after T@&relased also,
but in any case this reduction did not reach aifsogmt level.

Analysis of OFT parameters in the piracetam groefote and after induction of TBI arouses the gremtierest:
the number of crossed squares decreased signifidayt3.8 times (p<0.05), number of explored holeby 3.7
times (p<0.05), rearing — by 5.8 times (p<0.05)isTtorrelates with diminution of the sum of origitaal-
exploratory activity — by 4.5 times (p<0.01) and thtal sum of all types of activities — by 3.5¢i#(p<0.01).

Table 1. The impact of treatment with atristamine ad piracetam on behavioral parameters of rats in opn field test after TBI

Parameters Intact group,| Disease group Atristamine, | - Piracetam,
; Stage _ ! — 100 mg/kg, | 400 mg/kg,
(after 3 minutes) n=6 n=7 h=7 n=6
Locomotor activity Before 13.746.4 16.6+5.4 21.3+3.2 15.3+4.6
(crossed squares) After 9.5+2.6 8.6+2.8 13.7+#3.7 4.0£0.6
Orientational-exploratory activit
— explored holes Before 5.3+1.1 6.9+1.3 7.0+1.3 5.5+1.2
After 2.8+0.7 2.440.5 4.7+0.6"™ 1.5+0.¢
_ rearin Before 6.3+1.5 6.3+1.9 7.3+1.7 5.8+1.7
9 After 3.240.7 21307 | 4.0205° | 1.0:04"
_ total Before 11.742.6 13.1+3.1 14.3+2.6 11.3+2.f
After 6.0+0.9 4.6x1.% 8.7+0.8%F | 2.5+¢1.0%
Emotional reactions
— grooming Before 1.5+0.3 1.4+0.6 1.7£0.5 2.3+0.6
After 2.5+0.4 1.1+0.3 2.0+0.6 1.840.6
_ defecation Before 1.8+0.7 1.1+0.6 2.0+1,0 0.8+0.5|
After 1.2+0.7 0.1+0.1 1.7+0.9 0.3+0.3
_ urination Before 0.8+0.4 0.9+0.4 0.6+0.3 0.3+0.3]
After 0.5+0.3 0.4+0.3 0.7+0.3 0.0+0.0
_ total Before 4.2+41.1 3.4+1.1 4.3+1.1 3.5+1.4
After 4.2+0.8 1.7+0.4 4.41.1 2.2+0.8
Total sum of all tyoes of activiti Before 29.5+7.9 33.1+7.8 39.945.3 30.2+6.p
P 'S5After | 19.7¢3.3 | 14.9+3.0 | 26.9t4.0® | 8.7:1.8%

Notes. &, && — p<0.05 and p<0.01 relatively initial paraseters of this group using paired-samples t-test;
* — p<0.05 relative to the intact group; * — p<0.@&lative to the disease group;

$, $$ and $$$ — p<0.05, p<0.01 and p<0.001 relativehe piracetam group.
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Analysis of intergroup differences in OFT after T&lowed that locomotor activity of the intact ahe tisease
groups was on the same level. There was tendenicieitease of this parameter in the group of atrigte-treated
animals, which significantly exceeded it in theagitam group by 3.4 times (p<0.05). The numberxpfoeed

holes in the atristamine group was almost 2 tinpeg (05) higher compared to the disease group ahdirBes

(p<0.01) concerning parameter of the piracetam mgrdiere are significant differences in rearinge thte of the
atristamine group exceeded this parameter of teadie group by 1.9 times (p<0.05) and of the pimacgroup by
4 times (p<0.001). Obviously, the average valutheftotal sum of orientational-exploratory activity all groups
kept the aforementioned tendencies: a significatrteiase in the atristamine group by 1.9 times @0compared
to the disease group and by 3.5 times (p<0.00&jively to the piracetam group was revealed.

A much smaller number of intergroup differencesenvaiserved in parameters of emotional reactiorsgaificant
decrease of grooming (more than 2 times, p<0.08)the total sum of emotional reactions (almost L& times,
p<0.05) in the disease group compared to intactmroas been noticed. At the same time, the total efi
emotional reactions in the atristamine group wahéi compared to the disease group by 2.6 time8.¢p¥% The
total sum of all types of activities as an integralicator completely reflects the overall impa€tatristamine and
piracetam on the conditions of the animals aftel: BElier treatment with researched compound the washigher
by 1.8 times (p<0.05) compared to the disease gemapby 3.1 times (p<0.01) concerning rate of timacptam
group, which turned out to be 2.3 times (p<0.0®)dothan intact control.

Elevated plus maze

The influence on the animals’ anxiety level in EBMbwed that concerning to the main parameter (sipest in the
open arms of the maze) all groups of animals hkadively equal average values both in the primaayesand after
TBI (Table 2).

Generally, animals of the atristamine group aftBi Were more active compared with other groupsatsadby the
number of animals that have made crossings (71.4#6¢h was significantly (p<0.05) different frometintact (0%
) and the disease group (28.6%). This may indicdtzsease of anxiety behavior in the overall le®lwell as
stimulation of animals’ research activity after TBI

Table 2. The impact of treatment with atristamine ad piracetam on anxiety in elevated plus maze test rats after TBI

Parameters Intact grou Disease grou Atristamine, | Piracetam,
- Stage _g P. — 9"ouRy 100 mg/kg, | 400 mg/kg,
(after 5 minutes) n=6 n=7 _ _
n=7 n=6
Before 16.0+4.2 44.0£21.3 13.1+6.6 15.0+5.3
Latency, s
After 37.745.F 29.6+12.5 16.448.0* 31.8+13.2
Before 34.0+12.8 58.3+20.0 55.3+37.% 33.3114.2
Total time spent in open arms, s
After 37.715.7 51.6+14.1 46.4+14.8 46.5+£12)9
Before 1.0£0.7 0.4+0.3 0.7+0.3 0.5+0.2
Number of inter-arm crossings
After 0 0.440.3 1.7+0.9 0.340.2
Before 2/6 217 a7 3/6
Number of animals that have made crossifgs
After 0/6 217 5/7° 216
Total time spent in Before | 20.8+4.1 58.3+20.0 17.147.3 16.8+4.7
“decision area”, s After | 37.7+5.F 33.9+11.7 33.7¢143| 32.2#13.

Notes. & — p<0.05 relatively initial parameters of thisaup using paired-samples t-test;
* — p<0.05 relative to the intact group;
F — 0.01<p<0.05 relative to the intact and the dise groups using Fischer exact test.

Certain nuances appeared when analyzing paranwdtitency and total time spent in the “decisioeadr in intact

group they were significantly higher by 2.3 and tin8es, respectively. In this case all animalshig group did not
make any crossings from one arm to another. Thig Ipeaexplained by the influence of ether anesthashthe

effect of “habituation” in the posterior study. time atristamine group, duration of latency aftel T@8nained at the
primary level, although it was significantly 2.3nt&s lower (p<0.05) relatively the intact group. Hweer, in the

disease group after TBI the trend towards decredsboth indicators was observed. Therefore, wheimgus
atristamine, indicators of animals were almost stidguishable from initial state in contrast to ihéact group,

which may indicates the leveling of the negativeaut of ether anesthesia.
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Neurological deficit

McGraw scale in the modification of I.V. Gannushkiwas used to assess neurological deficit of asiroalthe
second and third day after brain injury [24]. Thezle is usually used to assess disorders in neoEres conditions
(such as ischemic or hemorrhagic stroke) due tm#snsitivity for mild injuries of the brain. Buatnalysis of the
results helps to detail the impact of atristamind af piracetam on the severity of neurologicaliaebf rats after
TBI and relates well with the results of other sesitus application of the scale in this case imspletely justified.

All animals from the disease group had certain featations of neurological deficit on the secong ¢taemor,
lethargy movements, one-sided semiptosis, weakoieBsbs). When converting specified symptoms iptints
(Table 3), we have reliable (p<0.001) differencenir the intact group. The administration of atristaan
significantly improved conditions of all animals ¢ime second day as compared to the disease grepOQd),
although some rats had weak manifestations of thegioal deficit. Piracetam also improved conditi@fsanimals
relatively to untreated (p<0.05), but the score sigsificantly higher than indicators of uninjurok0.01) and of
atristamine-treated rats (p<0.01).

Table 3. The impact of treatment with atristamine ad piracetam on neurological deficit, depression leel, cognitive functions, physical

endurance, muscle tone and coordination of movemenafter TBI

Intact group,| Disease group,| Atristamine, Piracetam,
Parameter Stage n=6 n=7 100 mg/kg, n=7| 400 mg/kg, n=6
Neurological deficit (McGraw scale)
18 day 0 1.000£0.108° | 0.143x0.092™ | 0.500+0.125"
Score o = T
2" day 0 0.571+0.071 0 0.250+0.117%
Vertical screen test
Retention time. s Before | 126.2+29.7 176.943.1 158.0+21.7 130.7+431.
’ After 176.7+3.3 [ 125.9+15.07% 179.120.9 166.3+6.4
Number of animals that held out all the timBefore 3/6 6/7 517 4/6
(3 minutes) After 5/6 U7 6/7 3/6
Forced swimming test
Time of immobility, s Before 90.0+9.2 80.4+8.2 78.3i9.4AlA 76.2+8.7
’ After | 126.3+10.1 [ 156.9+12.7¢ 86.1£11.97% | 141.3+16.6°
Extrapolation escape task
Time for task implementation, s Before 42.3+3.4 44.7+5.3 43.7£4.5 36.0+9.6
' After 77.7+33.2 67.0+29.4 47.6+23.7 93.7+33.7
Number of escaped animals Before 6/6 n n 6/6
After 4/6 5/7 6/7 5/6
Weight-loaded forced swimming test
Exhaustive swimming time, s Before 248.2+48.4 242.1+37.1 195.3+22.9 289.8+55.
' After 345.2+61.0 351.9+46.7 269.1452.0 274.5427.2

Notes. & and && — p<0.05 and p<0.01 relatively initial parameterkthis group using paired-samples t-test;
*, ** and*** — p<0.05, p<0.01 and p<0.001 relative to the intgcbup;
A AN andMA — p<0.05, p<0.01 and p<0.001 relative to the disegroup;
$ — p<0.05 relative to the piracetam group; F — pe®D relatively initial parameters of this group/agve to the atristamine and the piracetam
groups using Fischer exact test.

On the third day the severity of neurological digfiended to weaken: none of the animals from thistamine-
treated group had manifestations of brain pathqgltiggt when applying the scale significantly différboth from
the disease group (p<0.001) and the piracetam gp<(05).

Vertical screen test

In the VST in the intact group of animals the paostestudy showed a tendency to increasing retartiime on the
wire mesh screen (Table 3). Untreated animals essalt of trauma had an average retention time.#ftimes
(p<0.01) less as compared both to the initial patans and to the intact group. In the atristamiraig almost all
the rats held out on experimental device totalndézl time (3 minutes) and by the parameters didiffer from
the intact group. The administration of piracetalsoaincreased the animals’ capacity to climbingpoese
compared to untreated animals by 1.3 times (p<0.@5hould be noted that the results correlatd wéh the
assessment of neurological deficit by McGraw scpleacetam reduces neurological symptoms and ingsov
coordination, but yields to the effect of atristami

Forced swimming test

The results of the FST were of particular interesause the antidepressant effect of atristamimhysiological
state of animals has been proved in earlier stu@ed0]. But the ability to affect the depressitavel under
conditions of CNS pathology had not been studid¢d ye

In intact animals the trend to increase of avertage of immobility after TBI for 40% compared withe initial
indicator was noted (Table 3). This may be expldibg the influence of ether anesthesia on the @S taking
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into account monoaminergic theory of depressiverdisrs. In the group of untreated animals after inBteasing
of this parameter was much more marked — 95% (d3JORracetam did not affect the average time ahahility
of animals: after trauma it increased by 85% (p&Pddmparing with the initial state.

Special attention was attracted to the resultstriftamine-treated animals — after they had a hejatly average
time of immobility remained at the initial levelh& analysis of intergroup differences after TBIwé&d that the
level of depression in this group was 1.5 timed0(f5) lower than in the group of intact control dnd1.8 times
(p<0.01) — compared to untreated animals. Thusathmainistration of atristamine shows not only aspicessant
effect in injured rats, but also attenuates theatieg influence of ether anesthesia on neurotratemxchange in
the brain.

Extrapolation escape task

Initial research in EET showed that the groups &latbst the same initial parameters: all animalsesbthe task,
and the average time practically did not differ §iea3). After TBI in the intact group of rats thesas a distinct
tendency to increase of the average time spertafd solution (83%), but due to the large dispersios growth
did not reach the required significance level. tldidon, objects that were not escaped (2 of 6)eapgd in this
group. This may be explained by the significantuafice of ether anesthesia on cognitive functioramfmals.
Logically, retesting rats should solve the escas& faster as a result of training. The same &itnavas observed
in the disease group. Thus, mild TBI itself did adfect the ability of animals to perform the task.the group
administered with piracetam, this trend was moreketh— the average time for task implementatiomeased by
160%. It is interesting, that in the atristaminewgy the increase of time was only 9%. Comparindp wie results of
the Porsolt test (FST) and EPM, it can testify avdr of protective effects against the negativéuamice of
anesthesia on functions of the animals’ CNS.

Weight-loaded forced swimming test

Analysis of the results showed that on the thirgt diier mild TBI animals did not have any consedgsnthat
affect physical endurance (Table 3). It should beed that in the intact group, the disease groupthe group
treated with atristamine there was the trend toeiase the average time of swimming to 38-45%, wimely be
explained by the effect of “habituation”. The awggaparameter in the group treated with piracetamaneed at
baseline, what in this case is atypical. Thus,athinistration of atristamine does not improve jtaisendurance
of animals after TBI, but the correspondence ofrésults with the intact group indicates the absesfcnegative
effects.

Bilateral common carotid artery occlusion

Generalization of the results and eduction of nprotective properties of atristamine in the modehdd TBI gave
grounds for continuing research on more severe moafebrain lesions. For this purpose the modebrdHin
ischemia caused by bilateral common carotid aegyusion (BCCAO) in rats was chosen [25].

For express-analysis two groups of animals werméak. the first (n=7) — the group of disease confuotreated),
the second (n=7) — administered with atristaminease 100 mg/kg (as stable suspension, intragalffjionce a
day three times, the last time — 30 minutes beforesthetization. The procedure was performed ugédereral
barbamil anesthesia (60 mg/kg, intraperitonealhgisiurgical approach: after isolation of the caratiteries silk
ligature immediately was overlapped upon them afegraration ohervus vagu$25]. The animals were surveyed
for five following days: mortality in each group waegistered and neurological deficit of survivdigjeats was
assessed using McGraw scale.

The results disclosed that there were no signifidéfferences in above mentioned parameters betwsegroups.
For example, on the second day mortality both adtristamine-treated group and the disease cogitoolp was
28.6% (2 animals from 7) with average neurologaeficit scores 5.27+1.51 versus 3.21+1.76, resp&gti In the
following days of observation the same intergroapeations retained.

Thus, overall analysis of the results shows thastatnine has effect neither on the mortality nortloe severity of
neurological symptoms of survived animals with kégahemic brain damage.

CONCLUSION
The results of this research prove that treatmetiit atristamine (100 mg/kg) has protective effeatminst TBI.
This has been demonstrated by reduced neurologiefitit using McGraw scale, improved indicators of

orientational-exploratory activities and emotionaactions in open field test, enhanced muscle tand
coordination of movements (vertical screen testluced level of anxiety (elevated plus maze). Alsearched
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substance had positive impact on cognitive funsti¢extrapolation escape task) and did not impaysicil
endurance (weight-loaded forced swimming test).odding to this experimental model of pathology, thest
definitely atristamine showed antidepressant agtifiorced swimming test), confirming his competergs an
antidepressant in pathological state. In additairistamine did not improve conditions of experitam@nimals in
the model of bilateral common carotid artery ocdosrevealing certain “selectivity” of neuroproti@e potential
of the researched substance.
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