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MANAGEMENT OF AMNESTIC AND BEHAVIORAL DISORDERS AFTER KETAMINE ANESTHESIA

'Belenichev 1., 2Burlaka B., ‘Puzyrenko A., "Ryzhenko O., ’Kurochkin M., *Yusuf J.

Zaporozhye State Medical University, ' Department of Pharmacology and Medical Recipe, *Department of Drug Technology;
’Department of Pediatrics; *All Saints University School of Medicine, Department of Pharmacology, Roseau, Dominica;
’ICU, 5th Children's Hospital, Zaporizhzhia, Ukraine

General anesthesia may cause damage of the central nervous
system and cognitive dysfunction in the postoperative period. The
frequency of postoperative cognitive dysfunction — 36,8% [1,2].
The early postoperative cognitive dysfunction is the main predictor
of the stable amnestic disorder. It makes worse the patient’s quality
of life [3-5]. Neuroprotective drugs have an important role in pre-
venting the neuron damage and cognitive dysfunction at the early
postoperative period when these changes are potentially reversible
[1,2,6-7]. The neuroprotective drugs have a direct influence on
memory and mental activity and also increase steadiness of brain
to the aggressive effect of hypoxia, injuries, intoxication [2]. A new
intranasal form of Noopept (N-Phenylacetyl-L-prolylglycine ethyl
ester) was developed by our team at the Department of the medical
technology (Zaporizhzhia State Medical University, Ukraine). This
work aimed to estimate the neuroprotective action of Noopept and
to prove using in the clinic for correction of amnestic and behav-
ioral disorders after ketamine anesthesia.

Material and methods. All experimental studies were conduct-
ed in accordance with the “Methodological recommendations for
conducting preclinical studies of potential drugs of the State Expert
Center of the Ministry of Health of Ukraine”. The studies were per-
formed on a sufficient number of experimental animals. All manip-
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ulations were carried out according to the regulation of using of the
animals in biomedical experiments (Strasbourg 1986, as amended
in 1998). The protocols of experimental studies were approved by
the decision of the Ethical Committee of the Zaporizhzhia State
Medical University (protocol No. 77 of Aprile 5%, 2018).

50 mature male Wistar-Kyoto rats with body weight of 200-
220g were treated in a common laboratory environment (12-
hour light cycle, T=+22°C) with free access to water and food.
All rats were 6 months old. Animals were obtained from the
Institute of Pharmacology and Toxicology of the Academy of
Medical Sciences of Ukraine. The duration of the quarantine
(acclimatization period) for all animals was 14 days. During the
quarantine, every animal was inspected daily (behavior and gen-
eral condition). Before the beginning of the study, animals that
met the criteria for inclusion in the experiment were divided into
groups by using the randomization method. Animals that did not
meet the criteria were excluded from the study during the quar-
antine. Cells with animals were placed in the separate rooms.

Ketamine anesthesia was made by the intraperitoneal admin-
istration of 100mg/kg ketamine. After recovery from anesthe-
sia the single administration of the drugs in following doses
was made: 10mg/kg Noopept by the intranasal way, 0,2mg/kg

141



cerebrocurin intraperitoneally, 250mg/kg piracetam intraperi-
toneally. The intact group (the animals without administration
of ketamine) received 1ml/100g normal saline intraperitoneally
once, and the control group (the animals after ketamine anes-
thesia) received 1ml/100g normal saline intraperitoneally once.
The next day after anesthesia the estimation of motor and search
activity by the open field test and in the labyrinth was made dur-
ing the next 10 days.

Cerebrocurin (Scientific Production Enterprise, Ukraine) is a
white, slightly yellowish transparent liquid with pH 6,1-6,4. It
contains neuropeptides, including proteins S-100, reelin, nerve
growth factor, amino acids [12,13].

Piracetam was used in the form of 20% solution (Arterium,
Ukraine).

Noopept (OTCpharm, Russia) is a homogeneous transparent
liquid without odor with the low viscosity in the nasal form (Pat-
ent # 126979, Ukraine).

Determination of motor activity

Determination of motor activity was carried out by the open
field test using arena 80x80x35cm. The animal was placed in the
center of the area, and then it has been allowed to walk across
the arena freely for 8 min. We estimated general walked dis-
tance, general motor activity, structure of activity (high, low
activity, torpidity), quantity of freezing and entering in center,
distance walked near wall, vertical search activity (quantity of

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
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rearing near wall and free standing), quantity of short and long
grooming events, quantity of defecation and urination.

Estimation of reference and working memory

Investigations of memory were carried out with radial laby-
rinth LE760 (AgnTho’s, Sweden). Radial arm maze consists of
an octagonal platform (lateral length 22cm) with outgoing 8 ra-
dial ray-paths 70cm length and 10cm wide. Each path is closed
by the guillotine mechanism independently of one another. All
installation was placed at the height of 70cm from the floor. The
investigation was carried out in silence.

Starting from the first day animals were placed in the central
part with 4 closed rays and 4 opened rays. 200mg of food was
put into troughs. Combination of opened and closed rays was
individual and regular for each animal. Each animal was trained
in food search using visual landmark for 10 min. The experiment
was repeated every day twice for each animal. The animals have
gotten daily food ration after the experiments. On the 10th day,
the animal was placed in a radial labyrinth with 8 opened ray-
paths, and in 4 of ray-paths the food was put according to habit-
ual scheme for the individual animal. We estimated the number
of referent memory mistakes (first visit the earlier closed ray
where animal never found the food), and the number of working
memory mistakes (repeated visit the ray where animal found or
not found food earlier). Besides, we estimated traversed distance
and general motor activity.

Table. Influence of noopept, cerebrocurin and piracetam on rat’s behavioral activity and memory after ketamine anesthesia

Ketamine Ketamine Ketamine
Index Intact group Control group anesthesia+ anesthesia+ anesthesia+
Cerebrocurin Piracetam Noopept
Radial labyrinth
Number of.referent ) 3 5 3 14
memory mistakes
Number of working 41 131" S+1% 1217 P
memory mistakes
ivi +
deneral mooractivi: | 243809841244 | 268675841545 | 448623541685 | 275521241231 | 000

Open field

Traveled distance, cm 4161,82429,78 4202,03+£77,1 3094,16+34,5 41 4013,25+42,36 3916,56+24,48
10\161:11:;:?{1 r?lf:[ entering to 1 ’ 141 ) 1

High activity, % 7,83+1,44 14,83+£2,07" 21,83£1,58"#1 12,22+1,21" 10,50+1,45%&
Low activity, % 61,71£7,08 65,83+4,03 65,17+3,69 66,22+7,44 78,30£1,59" &1
Torpidity, % 30,47+6,59 22,34+4,37 13,00+4,64 21,22+5,11 11,20+3,67"*
Immobility, unit 284+35 429+27" 85211 434433" 138+£17#
Freezing, unit 284435 529+27" 3744327 539+21" 242428441
Free distance, cm 59,37+26,31 529,76+21,98" 323,64+88,71"#f 612,12+55,43"* | 226,10+33,44"#F
Free distance, % 1,43+0,61 11,304+2,67 8,9242,01" 12,74+2,0" 6,06+1,20""f
Distance near wall, cm | 4102,444289,55 | 3672,27+312,74 2770,53+281,43"%F | 3700,82+332,90 | 3690,16+110,34
Standing near wall, unit 4+1 8+1" 5£1* TE1” 5+£1%

Free standing, unit 2 2+1 1 1+1 1+1

Short grooming, unit 4 2" 3 241" 3

Long grooming, unit 1 1 1 1
Defecation, unit 3 2 2+1 2 1
Urination, unit 1£1 1 1 1 2

notice:
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T~ p<0.05 vs Intact group; " - p<0.05 vs Control group; € - p<0.05 vs Cerebrocurin group, " - p<0.05 vs Piracetam group
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Data obtaining and handling

Investigations were carried out at the department of experi-
mental pathophysiology and functional morphology of the
Training medico-laboratory center (Zaporizhzhia State Medi-
cal University, Ukraine). Experiments have been performed in a
well-illuminated room in silence. During the test, the influence
of external and internal visual, olfactory and auditory stimuli
was excluded. Evaluation of animal’s behavior was carried out
by the technician without knowledge about belonging animal
to the concrete experimental group. Capture and image record-
ing were made by using the color-video camera SSC-DC378P
(Sony, Japan). Analysis of video file was made by using soft-
ware Smartv 3.0 (Harvard Apparatus, USA). All statistical cal-
culations were done by «STATISTICA® for Windows». A sig-
nificant difference was considered at p<0.05.

Results and their discussion. Evaluation of the specific in-
dexes of open field test showed the negative influence of ket-
amine anesthesia on the animal behavior (Table). Administration
of ketamine didn’t lead to a valid change of traveled distance but
increased the free distance. In the control group, the rising num-
ber of the freezing and immobility of the animals were observed.
All these factors indicate a forming of anxiety and excitability
of the animals after ketamine anesthesia. Administration of ket-
amine didn’t change a number of free-standing of the animals
but led to increasing of standing near the wall in 2 times. Also,
the number of short grooming acts was decreased and a num-
ber of long grooming was invariable. This fact also indicates
a forming of anxiety and excitability of the animals after ket-
amine anesthesia. Rising of high activity also may be estimated
as decreasing of ability to search because a rat makes a lot of
unnecessary movements and needs more time for learning a new
environment.

When specific training indexes in radial labyrinth were car-
ried out it was revealed that in 10 days after ketamine anesthesia
the cognitive dysfunction of animals was present. General activ-
ity of animals in the control group hadn’t valid differences with
intact group. It was established that on the 10 days after admin-
istration of ketamine the number of working memory mistakes
was increased in 3 times what indicates a breach of amnestic
function after ketamine anesthesia.

Obtained data relate to the conception of the postoperative
cognitive dysfunction due to ketamine which can lead to forming
the stable cognitive deficit and also psycho-emotional disorders
— lethargy, fear, anxiety, disorientation, aggressiveness, irritabil-
ity [14,15]. Administration of ketamine may provoke deposition
of amyloid beta-protein and so can provoke long-term cognitive
effects [16]. Other reasons for cognitive dysfunction due to ket-
amine are considered (e.g. inhibition of glutamate transmission,
exhaustion of energetic balance and circulatory ischemia) [17].

Our study showed increased free distance in 10 times compare
to the intact group after piracetam administration. Piracetam
didn’t reduce the number of freezing and torpidity. A number
of standing near the wall in the piracetam group stayed high and
unchanged compare to control group. A number of short groom-
ing acts was at the level of the control group as well. These facts
indicate that piracetam doesn’t decrease anxiety, fear, excitabil-
ity and uncomfortable state of the animals after ketamine anes-
thesia. Also, piracetam didn’t have a positive influence on the in-
dexes of cognitive-amnestic functions. The number of mistakes
of working and referent memory was not decreased.

Administration of cerebrocurin after ketamine anesthesia
reduced anxiety and excitability. So cerebrocurin reduced free
distance, number of freezing and standing near the wall. At the
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same time, the cerebrocurin didn’t have an influence on the ani-
mal’s comfortability (grooming) and led to rising of high activ-
ity compare to intact and even compare with a control group.
Cerebrocurin significantly decreased the number of mistakes of
working memory and referent memory on the 10th day after ket-
amine anesthesia.

Protective effects of cerebrocurin on the brain tissue may include
its action on the energetic metabolism and homeostasis of calcium,
intracellular protein synthesis [2]. Effects of cerebrocurin can have
a connection with increasing of neuron plasticity [9].

Intranasal administration of noopept to the animals after ket-
amine anesthesia led to reducing of anxiety, fear, excitability
and had a good effect on emotional status and behavior of the
animals. Noopept reduced free distance, a number of standing
near wall and immobility compare to control group. Noopept
decreased the high (unproductive) activity and increased the low
activity.

Noopept significantly reduced the number of working mem-
ory mistakes after ketamine anesthesia, and also it was the best
result among other investigated compounds. Intranasal adminis-
tration of noopept also decreased the number of referent mem-
ory mistakes. These facts show the high antiamnesic effect of
noopept after ketamine anesthesia and significant neuroprotec-
tive effect.

Noopept has an antioxidant action by reducing oxidative de-
struction of the protein molecules including memory proteins
and also by decreasing accumulation of nitrosative stress mark-
ers. So noopept can prevent the neuron destruction [18]. Neu-
roprotective action of noopept may have a connection with the
level of anti-inflammatory interleukins [8-11,18-19].

Conclusions.

1. Ketamine anesthesia leads to increasing of anxiety, excit-
ability and worsening of search activity and leads to amnestic
dysfunction.

2. Parenteral administration of piracetam doesn’t have a signifi-
cant influence on the animal’s behavior, excitability and doesn’t
have an effect on the animal’s memory after ketamine anesthesia.

3. Parenteral administration of cerebrocurin lowers anxiety
and also shows some antiamnesic effect.

4. Intranasal administration of noopept after ketamine anes-
thesia significantly decreases anxiety and excitability, raises the
animal’s activity, shows an intensive antiamnesic effects and in-
creases animal’s training ability. Noopept significantly exceeds
piracetam and cerebrocurin according to neuroprotective effects.

REFERENCES

1. Belenichev IF, Chernij VI, Nagornaya EA, Pavlov SV. Neuro-
protection and neuroplasticity. Kiev: Logos; 2015.

2. Belenichev IF, Chernij VI, Kolesnik UM. Rational neuropro-
tection. Donetsk; 2009.

3. Bolshedvorov RV, Kichin VV, Fedorov SA, Lichvantsev VV.
Epidemiology of postoperative cognitive disorders. Anesthesia
and reanimation. 2009; 3: 20-23.

4. Fodale V, Santaria LB, Schifilliti D, Mandel PK. Anesthetics and
postoperative cognitive dysfunction: a pathological mechanism
mimicking Alzheimer’s disease. Anesthesia. 2010; 65(4): 388-395.
5. Shnajder NA, Shprah VV, Salmina AB. Postoperative cog-
nitive dysfunction (diagnostics, prevention, treatment). Kras-
noyarsk; 2005.

6. Pappa M, Theodosiadis N, Tsounis A. Pathogenesis and treat-
ment of post-operative cognitive dysfunction. Electron Physi-
cian. 2017; 9(2): 3768-3775.

143



7. Shnajder N. Role and place of pharmacological cerebropro-
tection in prevention and correction of cognitive insufficiency:
hypothesis and proof. Ukrainian health. 2007; 3(160): 29-30.

8. Kligunenko EN, Dzjak LA, Ploshenko UA, et al. Neuropro-
tection in anesthesiology and intensive therapy. International
neurologic journal. 2008; 2: 41-50.

9. Belenichev IF, Pavlov SV, Dunaev VV. Neuroprotective effect
of cerebrocurin in a model of acute cerebral stroke. Eksp Klin
Farmakol. 2010; 73(2): 6-9.

10. Belenichev I, Sokolik E, Abramov A. Pharmacological
modulation of apoptosis signaling in neurons of cal-zone of hip-
pocampus of rats with chronic alcohol intoxication. Innovative
Journal of Medical and Health Science. 2011; 3: 12-16.

11. Zarubina IV, Shabanov PD. Neuroprotective effects of pep-
tides during ischemic preconditioning. Bull Exp Biol Med.
2016; 160(4): 448-51.

12. Buresh Y. Methods and general experiments of brain and
behavior investigation. Moscow: Medicine; 1991.

13. Gimmelfarb GN. Anesthesia of experimental animals. Tash-
kent: Fan; 1994.

14. Lee C, Jones TA. Effects of ketamine compared with ure-
thane anesthesia on vestibular sensory evoked potentials and
systemic physiology in mice. J Am Assoc Lab Anim Sci. 2018;
57(3): 268-277.

15. Kang JG, Lee CJ, Kim TH, et al. Analgesic effects of ket-
amine infusion therapy in korean patients with neuropathic pain:
a 2-week, open-label, uncontrolled study. Curr Ther Res Clin
Exp. 2010; 71(2): 93-104.

16. Crumb MW, Bryant C, Atkinson TJ. Emerging trends in pain
medication management: back to the future a focus on ketamine.
Am J Med. 2018; 343(18): 30291-2.

17. Jonkman K, Dahan A, van de Donk T, Aarts L, Niesters M,
van Velzen M. Ketamine for pain. 2017; 6: 1711-3.
18.0strovskaia RU, Vakhitova IuV, Salimgareeva MK, et al. On
the mechanism of noopept action: decrease in activity of stress-
induced kinases and increase in expression of neutrophines.
Eksp Klin Farmakol. 2010; 73(12): 2-5.

19. Ostrovskaia RU, Gudasheva TA, Voronina TA, Seredenin
SB. The original novel nootropic and neuroprotective agent noo-
pept. Eksp Klin Farmakol. 2002; 65(5): 66-72.

SUMMARY

MANAGEMENT OF AMNESTIC AND BEHAVIORAL
DISORDERS AFTER KETAMINE ANESTHESIA

"Belenichev I., “Burlaka B., ‘Puzyrenko A., Ryzhenko O.,
3Kurochkin M., *Yusuf J.

Zaporozhye State Medical University, ' Department of Pharma-
cology and Medical Recipe; *Department of Drug Technology;
3Department of Pediatrics,;*All Saints University School of Med-
icine, Department of Pharmacology, Roseau, Dominica; *ICU,
Sth Children’s Hospital, Zaporizhzhia, Ukraine

General anesthesia may cause damage of the central nervous sys-
tem and cognitive dysfunction in the postoperative period. A new
intranasal form of Noopept (N-Phenylacetyl-L-prolylglycine ethyl
ester) was developed by our team at the Department of the medical
technology (Zaporizhzhia State Medical University, Ukraine).

The objectives of this investigation were the study of neuro-
protective action of Noopept and to prove using in the clinic for
correction of amnestic and behavioral disorders after ketamine
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anesthesia. We discovered that the intranasal administration of
noopept after ketamine anesthesia significantly decreases anxi-
ety and excitability, raises the animal’s activity, shows an inten-
sive antiamnesic effects and increases animal’s training ability.
Noopept significantly exceeds piracetam and cerebrocurin ac-
cording to neuroprotective effects.

Keywords: ketamine, N-Phenylacetyl-L-prolylglycine ethyl
ester, noopept, cerebrocurin, piracetam, neuroprotection.

PE3IOME

DAPMAKOJIOI'MYECKAS KOPPEKIIUSA
KOI'HUTUBHO-AMHECTUYECKHUX U ITIOBEJEH-
YECKHX HAPYIIEHUMA MOCJE KETAMWHOBOW
AHECTE3UU

'Besennyes U.@., ’bypuaka B.C., ‘ITy3sipenxo A.H.,
SPoikenko O.W1., ’Kypouxkun M.IO., ‘FOcyd 1.

3anopooicckuii 2ocyoapcmeenHvlil MeOUYUHCKULL yHugepcument,
'kagedpa papmakonozuu, *kagpedpa mexnonozuu rekapcmeen-
Hblx cpedcms; “kageopa neduampuu; *Vuusepcumem 6cex cés-
moix, kageopa apmaronoeuu, Pozo, Homunuxa; °V demckas
bonvHuYya, peanumayuonnoe omoenenue, 3anopooicve, Yrkpauna

OO011ast aHeCTe31s1 YaCTO BbI3bIBACT MTOBPEKICHNE LICHTPAIbHOM
HEPBHOM CHCTEMbl M KOTHUTHBHYIO IUC(QYHKIHMIO B HOCJIEOIIe-
patmonHoM niepuozie. HoBast unTpanasansHas ¢opma Hoonenra
(atunoBsrit 2¢up N-denmtanerii-L-npomnmnumg) pa3padoraHa
COTpYIHHKaMHU Kadempbl TEXHOJIOTUH JICKAPCTBEHHBIX CPEICTB
3aropoKCKOro roCy1apCTBEHHOTO MEIUIIMHCKOTO YHUBEPCHUTETA.

Lenp uccnenoBanus - ompenesieHME HEHPONPOTEKTOPHOTIO
nericreus Hoorenra 1 000CHOBaHKE €r0 UCIIOIL30BAHUSA B KJIH-
HHUKE JUISI KOPPEKIMU aMHECTUYECKHX M MOBEICHYECKHX pac-
CTPOICTB IOCIIE KETAMHUHOBOTO HApKO3a.

OOHapyxeHo, 4TO HHTpaHa3ajbHOE BBeaeHHe HoomenTa
HOCJIe aHEeCTEe3MH KETaMHHOM 3HAYUTEIBHO CHIDKAeT Oecro-
KOHCTBO U BOS6y):[I/IMOCT]>, MOBBIIIACT AaKTHBHOCTb KHUBOTHOTIO,
HPOSIBIISIET MHTCHCUBHBIM aHTHAMHECTHUYECKUI 3P (EKT U MTOBbI-
IIAaeT CHOCOOHOCTH JKMBOTHOIO K TpeHupoBkam. HoormenT 3Ha-
YUTEIHHO MPEBOCXOAUT MUPALIETaM U IEPEOPOKYPHH IO HEHPO-
HPOTEKTOPHOMY 3P deKTy.
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EVALUATION OF STRUCTURAL CHANGES IN THE AREA OF EXPERIMENTAL
MANDIBULAR DEFECT WHEN APPLYING OSTEOPLASTIC MATERIALS BASED
ON VARIOUS COMPONENT PERCENTAGE OF HYDROXYAPATITE AND POLYLACTIDE

'Skochylo O., 'Mysula I., *Ohonovsky R., *Pohranychna Kh., ’Pasternak Yu.

'Ivan Horbachevsky Ternopil State Medical University, Department of Surgical Dentistry,
’Danylo Halytsky Lviv National Medical University, Department of Surgical Dentistry and Maxillofacial Surgery, Ukraine

Defects in bone structures of different genesis, location and
size are quite common in the practice ofdental surgeons and
maxillofacial surgeons and orthopedic general practitioners, as
well as general orthopedic doctors [5,12]. The only effective way
to treat such clinical cases is to use a variety of bone substitutes,
which can significantly adjust the processes of reparative regen-
eration and rehabilitation of patients with this pathology [1,2]. A
large amount of scientific studies has been devoted to this issue,
but the problem has not been fully resolved yet [3,4,6].

Given the significant growth in various contagious infectious
diseases, transmitted between organisms regardless of their spe-
cies, and certain bioethical issues, plastic materials of synthetic
origin have become most prevalent [ 7]. A number of authors em-
phasize the use of materials based on analogues of the mineral
component of bones, particularly hydroxyapatite. [8, 10]

Although in the scientific literature there are references and
research data of such compositions, solving the problem of
choice is far from complete, since there is still no universal
material that would meet all necessary requirements [9]. In this
regard, it is relevant to keep searching for new materials that
would optimize the processes of reparative osteogenesis and
studying the mechanisms of bone tissue regeneration under their
influence [11].

In fact, there are few studies that would investigate and com-
pare regenerative processes with percentage compositional vari-
ants, and no practical guidance on how to use them has been
provided [13].

The main aim is to find out the mechanisms of reparative re-
generation of bone tissue in artificially created transverseman-
dibular defects in rats when applying osteoplastic materials
based on hydroxyapatite and polylactide with different compo-
nent percentage.

Material and methods. Experimental studies were carried
out on 114 mature laboratory white male 180-220 g rats fed on a
standard vivarium diet in compliance with all the requirements
of the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1986).
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To perform the tasks, all animals were divided into groups
(36 rats each): control group - animals whose bone defect was
filled only with a blood clot; 1st experimental group - the entire
defect volume was densely filled with a block with the ratio of
component parts, hydroxyapatite 80% + polylactide 20%; 2nd
experimental group was similar, but with the ratio of 50% + 50%
[14]. There was also a separate group of intact animals (6 rats)
that did not undergo intervention, but onlytheir blood samples
were collected to determine the norm of biochemical parameters
to be compared.

An experimental defect was created using a spherical den-
tal 2 mm diameter bur according to the method of Chechin
A.D. (1989) [15], using a Surgec XT physiodispenser (NSK,
Japan) at a speed of 800 rpm constantly cooling the bur
with 0.9% saline solution. Perforation defects were created
through external access in the submandibular area to the left.
Polylactide (PL) - Poly (L-Lactide) Purasorb PL 32 (Nether-
lands) and hydroxyapatite (HA) Cal0 x (PO4) 6 (OH) 2 with
a particle size of 0.1mm (sintering temperature = 10500C),
synthesized at the department of chemical technology of sili-
cates at Lviv Polytechnic university, were used to create the
osteo preservation composition (Fig. 1).

Fig. 1. Photo of the obtained composite material
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