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The aim of the study is to search compounds with neuroprotective properties among new ethylthiadiazole derivatives in
simulated traumatic brain injury.

Materials and methods. The experiment was carried out on 78 white male rats 27020 g line “Wistar” 5-6 months of age
and 120 outbred sexually mature mice weighing 20+2 grams. The article describes the search for compounds with neuro-
protective properties among new ethylthiadiazole derivatives under the codes LKHT 4-15, LKHT 10-18, LKHT 11-18, and
LKHT 12-18 in experimental traumatic brain injury in rats. Acute toxicity of the compounds was studied. Pharmacological
screening was performed using behavioral and neurological research methods. The McGraw stroke score scale modified by
I.V. Gannushkina and the mNSS psychometric scale were used in the study. The open field and Rota-rod tests were used to
assess the behavioral status of the animals.

Results. The compound-LKHT 12—18 at a dose of 50 mg/kg was detected as a leader. In pharmacological correction of pathol-
ogy, this compound had the lowest percentage of fatality among the studied compounds (8%), the severity of neurological
deficit was significantly reduced, the lowest scores and a higher level of motor activity of the limbs were registered. The
number of rearing in the group of animals receiving the compound LKHT 12-18 at the dose of 50 mg/kg increased by 1.5
times, statistically significant (p<0.05) in comparison with the control group. Based on the results of the “Rota-rod” test, the
total time of holding animals on the rod for 3 attempts was statistically significantly different in the groups administered with
LKHT 12-18 derivatives (1.5 times longer) at the dose of 50 mg/kg compared with the control (p<0.05).

Conclusion. Based on the results obtained in this study, it is planned to study in more detail the compound LKHT 12-18 at
the dose of 50 mg/kg

Keywords: traumatic brain injury, ethylthiadiazole derivatives, neuroprotection

Abbreviations: TBI — traumatic brain injury; ATP —adenosine triphosphate; DAI — diffuse axonal injury; tSAH — traumatic sub-
arachnoid hemorrhage; BBB — blood-brain barrier; LP — latency period
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Lienb: Monck HEMPONPOTEKTOPOB B PAAY HOBbIX MPOU3BOAHbLIX 3TUATUAAMA30MA B YCIOBUAX IKCNEPUMEHTA/IbHON Yepen-
HO-MO3roBOW TPaBMbl

Martepuanbl U MeToAbl. DKCMEPUMEHT NpoBeaeH Ha 78 benbix Kpblicax-camuax 270120 r nvHmm «Wistar» 5—6-mecAa4Horo
Bo3pacta M 120 aytbpeaHbIX NMONOBO3PENbIX Mbiwax maccon 2012 rpamma. MccnegoBaHa OCTpas TOKCUYHOCTb COeauHe-
HUI. MpounsseseH GapMaKoNOrMUYECKUA CKPUHUHT NPOU3BOAHbIX 3TUATUAAMA30NA C U3YYEHMEM MOBeAEHYECKOoro cTaTyca
W HEBPOIOTMYECKUX peakL . TAKeCTb YepenHO-MO3roBOW TPaBMbl OLEHMBAACh MO LUKane HeBponornyeckoro aedpuumra
McGraw B mogndukaumm U.B. MaHHYLWKMHOM 1 WwKane mNSS. [114 oLueHKM NoBeAeHYECKOro CTaTyca *KMBOTHbIX UCMO/1b30Ba-
v TecTbl «OTKpbITOE none» u «Rota-rod».

Pe3ynbratbl. BbiasnieHo coeguHeHue-nmnaep — JIXT 12—-18 B go3se 50 mr/Kr. MNpu dpapmaKkosornyeckoin KoppekLmmn yepen-
HO-MO3rOBOM, fAaHHOE COeAUHEHNE MMENO CaMblii HU3KUIA MPOLLEHT IETANIbHOCTM Cpean Uccnesyembix coegnHenui (8%),
CTaTUCTUYECKM 3HAYMMO CHUKANACh TAXKECTb HEBPONOTUYECKOro AeduLmTa, perncTpupoBaamn camble HU3K1e 6annbl n bonee
BbICOKMI1 YPOBEHb MOTOPHOM AeATe/IbHOCTM KOHEeYHOCTEN. KONIMYecTBO CTOEK B rpynne }KMBOTHbIX, NOAYyYaBLIWUX COeAUHEHME
JIXT 12-18, yBennumBanoch B 1,5 pasa craTtucTMyecku 3Haummo (p<0,05), oTHOCMTeNIbHO rpynmnbl KOHTpoAA. Mcxoaa us pe-
3y/NbTATOB TecTa «Rota-rod», cymmapHoe BpemMsa yaepKaHUA KUBOTHbIX Ha CTepKHE 33 3 MONbITKM CTAaTUCTUYECKN 3HAUMMO
OT/IMYAN0Ch B rPynnax c NpMMeHeHMeM Npomn3BoaHbIx JIXT 12—18 (8 1,5 pa3a gonblue) B cpaBHEHME € KOHTpoaem (p<0,05).
3akatoyeHne. IKCNepuMeHTaIbHbIM NyTem Bbl10 LOKa3aHO Ha/inYne HeMPONPOTEKTUBHbIX CBOMCTB Y MPOU3BOAHOIO 3TUATH-
aamasona JIXT 12-18 B go3e 50 Mr/Kr y Kpbic.

KntoueBble cnoBa: YepenHo-mo3rosas TpaBma, MPOU3BOAHbIE STUNTUAANA30/A, HENPOMNPOTEKLUA

Cnucok coKkpaueHumii: YMT — yepenHo-mo3rosas Tpasma; JIXT — wudp npomsBogHOro asTunTnagmasona (4-15,10-18, 11-18,
12-18); AT® — ageHo3uHTpUdbOochaT; AT — auddysHaa akcoHanbHas TpaBma; TCAK — TpaBmaTuyeckoe cybapaxHouaanbHoe

KpoBousnuaHue; N6 — rematosHuedanmyeckmii 6apbep; /1N — naTeHTHbIM Nepuog,

INTRODUCTION

Home and industrial traumatism, including traumat-
ic brain injury (TBI) is which are the main public health
problem diseases in all industrialized countries and lead
to persistent disability, as well as high mortality, disabili-
ty and lead to high treatment costs [1].

The development of effective pharmacological cor-
rection ways of traumatic brain injury consequences is
one of the main tasks of experimental research, which
for highly developed countries spend billions dollars
[2]. Unfortunately, many substances give excellent re-
sults only at the stage of research in the laboratory.
The reason for this is the complex pathogenesis of TBI,
which includes a complex of interrelated factors that
affect the primary and secondary “wave” of damaging
brain processes [3]. Therefore, the searching for inno-
vative neuroprotectors is relevant in the modern sci-
ence.

Traumatic brain injury can be classified into severity:
mild, moderate, and severe categories. Also the special
forms of contusion are distinguished: diffuse axonal in-
jury (DAI) and traumatic subarachnoid hemorrhage. The
most common is moderate brain contusion.

The overwhelming majority of patients with TBI are
diagnosed with deviations of varying severity — from mi-
nor disorders to pronounced neurological symptoms.
TBI in the long-term period can be a trigger mechanism
for the development of diseases such as Parkinson’s and
Alzheimer’s. In the first 10-12 months after an injury,
the risk of an epileptic seizure is very high (12 times).
Post-traumatic epilepsy is detected in more than 10% of
patients with moderate pathology [5].

TBI are classified into primary and secondary. Pri-
mary brain injury is a result of a traumatic factor on
the bones of the skull including structures and vessels
of brain [6]. These lesions occur due to various kinds of
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impact, which characterizes a wide range of damage re-
actions.

TBI causes damage to the cells of the nervous sys-
tem, the constituent structures of the vessels, the struc-
tures of white matter. This entails the onset of the sec-
ond wave of damage — stress for metabolic processes, as
well as disturbances in ion exchange, biochemical and
molecular levels of neuronal regulation [7-9].

The metabolism in nerve cells after TBI is increased:
the reserves of adenosine triphosphate (ATP) are deplet-
ed, the Ca?* pump are disrupted. The increased perme-
ability of cell membranes for Ca?*leads to the release of
calcium from the intracellular calcium depot. Cell depo-
larization and glutamate release of nerve endings leads
to a violation of the membranes integrity of nerve cells
and vascular endothelium [6, 10, 11]. The neurotrans-
mitter (glutamate) provokes the activated postsynaptic
glutamate receptors. The increase in the Na* influx leads
to a further depolarization. More Ca?* start entering the
cell through ion channels. The consequence of calcium
overloading cells damaged by the activation of phospho-
lipases, proteases and nucleases are leads to the loss of
membrane integrity, genome expression, and destruc-
tion of the structural components in cell [12, 13].

TBI primary injuries includes local brain contusion,
cerebral trunk contusion, axonal and vessel cerebral in-
juries. Primary injury affects of the neurons body and
astrocytes, synaptic breaks, in the vessels formed blood
clots and the walls of the vessels is disrupted. At the end
of the pathological process of primary trauma, a de-
crease in the supply of adenosine triphosphate (ATP) oc-
curs due to a violation of the permeability of cell mem-
branes, which at the next stage leads to cytotoxic edema
and cell death. [14, 15].

A penumbra zone forms along the periphery of the
primary injury. All cells remain viable. Only their sensitiv-

Volume VI, Issue 4, 2020



Hay4HO-npakTu4eckuin xypHan

OAPMALMA N
OAPMAKOJOIUA

OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2019-8-4-263-272

ity to even minor deviations in the normal operation of
oxygen and nutrient delivery increases [16, 17].

Mechanical neuronal membranes destruction is
a triggering factor leading to the depletion of ionic re-
serves of cell, free radicals and lipid peroxidation are
formed. The next pathological stage is an increase Ca®
content in cell, the triggering of phospholipases and cal-
pain. All these pathological factors activate secondary
injury to the membrane and cytoskeleton of neurons.
Plasma movement of the axon is slowed down and leads
to delayed cell death [18].

Due to TBI apoptosis of nerve cells is triggered. This
process begins with an action of damaging agent on the
cell genome or with the destructive action of inflamma-
tory mediators. The influence of secondary brain injury
factors, the transport of 0, and nutrients to neurons is
disrupted, as well as their destruction begins in an un-
necessary volume [19, 20]. The prenumbra area is more
susceptible to pathological changes due to TBI [21].

The inflammatory response is triggered out as a re-
sult of TBI primary injury. These reactions are damaging
and neuroprotective. The primary pathological process-
es in TBI are triggered due to any mechanical damage
of the cerebral tissue. Scientists attach great importance
to secondary trauma in animal experiments. And that’s
why, pharmacological approaches to the treatment of
the consequences of TBI, affecting the secondary pa-
thology mechanisms with further apoptosis of brain
cells, require in-depth study [9].

The development of secondary disorders after TBI
are cause why inhibition of cerebral microcirculation,
violations of oxygenation and metabolic processes in
nerve cells are observed, and also occurs edema and
cerebral ischemia (Cl). These damages occurs on a 40%
of people who had sufferred moderate TBI and 85% of
severe TBI [22].

People who had suffered from an TBI, the risk of an
unfavorable outcome in the event of secondary brain
injury increases, since that worsens the severity of the
patient’s condition and restoration of cognitive func-
tions. Therefore, timely prophylaxis and correctly cho-
sen treatment of secondary brain injury is the main task
of therapy for victims of TBI severe [9].

The inflammatory response occupies one of the
most important parts, an evolutionarily process of tissue
reactions. A membrane-destroying process at the cels,
due both mechanical damage and autolytic processes.
The end of such pathological processes can be necrosis
and apoptosis or regeneration and repair [23]. The re-
constructions of cells involves all factors of inflammatory
response. These factors including: edema, inhibition of
blood circulation and protein, carbohydrate, fat metabo-
lism. The fact that sanogenic pathological reactions such
as edema and hyperemia, in the case of generalization,
can have a pathogenic or even thanatogenic character.
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In case of primary brain injury, activation and re-
lease of large volumes of cytokines begins throughout
the human body. These cytokines can be inflammatory
and anti-inflammatory. Also, an activation of resident
macrophages from astrocytes with microglia in brain,
the movement of neutrophils to the injury and to the
violations of BBB permeability. The cytokines consists
of: growth factors, interleukins, neuropoietins, chemo-
kines, interferons, tumor necrosis factors, neurotropins.
All these components are involved in the inflammatory
response [24].

Despite the rapid development of experimental
pharmacology [4, 25-28], the improvement of meth-
ods of directed synthesis, allowing the creation of highly
selective drugs, remains highly relevant for new com-
pounds. Ethylthiadiazole derivatives may be potential
candidates with neuroprotective properties. Among
them, a large number of compounds with anti-inflam-
matory, antimicrobial, anticonvulsant, hypotensive, an-
tioxidant, and antitumor effects have been identified
[29-34].

THE AIM of the study: to study the neuroprotective
properties of new ethylthiadiazole derivatives under the
conditions of experimental traumatic brain injury (TBI).

MATERIALS AND METHODS

Test samples

LKHT 4-15, LKHT 10-18, LKHT 11-18, and LKHT 12—
18 were synthesized at the Russian Research Center for
Safety of Bioactive Substances (Staraya Kupavna, Russia).

Animals

The experiment was conducted on 78 white male
Wistar rats aged 5-6 months, body weight 270+20
gramms and in 120 outbred white mice with body
weight 2012 gramms. The animals were buyed at the
Federal State Institution of Science Scientific Center of
Biomedical Technology of the Federal Medical-Biological
Agency of Russia. Conditions of detention: under stan-
dard conditions in accordance with Sanitary and epide-
miological requirements for the device, equipment and
maintenance of experimental biological clinics (vivar-
iums) No02.2.1.3218-14 and Federal Standard of Russia
No.33044-2014.

Study design

The acute toxicity of LKHT 4-15, LKHT 10-18, LKHT
11-18 and LKHT 12-18 was studied in male mice. The
next dose range was studied: 500 mg/kg, 1000 mg/kg,
2500 mg/kg, 5000 mg/kg. The choose of doses was car-
ried out by the experiment. The injection of the samples
was made fractionally. Each mouse were observed keep
watching for the first 60 minutes after injection of the
test samples. Then the observation was performed once
per day.
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The manipulations on rats were carried out under
general anesthesia by intraperitoneal injection of chlo-
ral hydrate (300 mg/kg). In this work, the technology of
modeling TBI on rats was reproduced by the method of
free-fall of block with weight 155 grams from height at
0.6 meters [33]. The setup consist of a stand with a 1.1
meters long hollow tube clamped in a stand in a vertical
position. A firing pin with stopper is locate at lower edge
of the pipe. The striking surface area of firing pin was 0.5
cm?. The movement of the firing pin was limited in any
conditions to no more than 5 mm. With the help of a re-
turn spring, upon impact, the firing pin returns to start-
ing point. Restriction in the movement of the firing pin
allows to escape depressed fractures of the cranial vault.
The block was placed in the pipe cavity at a prearranged
height. The displacement of the firing pin at the point
of impact was excluded if using this function in exper-
iment. Before modeling the pathology, it was checked
the position of the pipe (installed vertically) and the
table (horizontally). The localization of the impact was
carried out according to the anatomy of the rat brain.
The impact was simulated in the field zone Frl, Fr3, FL,
HL, Parl, Pag2. The impact site was located in the fron-
to-parietal-temporal region of the left hemisphere of the
brain. The rat’s head was not rigidly fixed. This model
made it possible to reproduce the TBI model as close as
possible to that in humans [33].

The pharmacological screening was carried out us-
ing the severity of neurological deficits by the McGraw
point scale modified by V. Gannushkina [35] and the
mNSS scale [36].

This McGraw scale as modified by V. Gannush-
kina (Table 1) is presented with a list of neurological
disorders. The analyzed indicators were summarized.
Depending on the total amount, the neurological defi-
cit can be designated in different ways: the amount of
points 0.5-2.0 corresponds to a mild degree of deficien-
cy; 2.5-5.0 — moderate severity; 5.5-10 severe neurolog-
ical deficits. The evaluation is carried out on the 1%, 3
and 7t days of the experiment.

To assessment the neurological deficit, a modified
test for neurological deficit was carried out 48 h after
modeling the TBI. The mNSS scale (modified neurolog-
ical severity score) is a special system for interpreting
neurological deficits in the presence of a brain injury. It
is used to assess motor, sensory, balance, and reflex be-
havior of animals [36].

According to this neurological scale, rodents were
suspended by the tail (to determine the presence of pa-
resis and paralysis), motor activity in the home cage (to
register gait disturbances and stereotypical movements)
and the peculiarities of movement on a horizontal bar (to
assess the coordination of movements) were assessed,
the safety of the main reflexes (startle reflex, reflex of
the external auditory canal, corneal reflex). The results
of the study to determine the neurological deficit were
formulated based on the sum of points scored in each
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test. A higher score indicates a more severe injury. The
total number of points in the range from 1-6 indicates
the presence of a mild TBI, from 7 to 12 — moderate, and
a total of 13—18 indicates the presence of severe TBI.

To assessment the neurological deficit, a modified
test for assessing the neurological deficit was carried out
48 h after modeling the TBI. The mNSS scale (modified
neurological severity score) is a special system for in-
terpreting neurological deficits in the presence of a GM
injury. It is used to assess motor, sensory, balance, and
reflex behavior of animals [36].

According to this neurological scale (Table 2), rats
were suspended by the tail (to determine the paresis
and paralysis), motor activity in the home cage (to regis-
ter gait disturbances and stereotypical movements) and
the peculiarities of movement on a horizontal bar (to
assess the coordination of movements) were assessed,
the safety of the main reflexes (startle reflex, reflex of
the external auditory canal, corneal reflex). The results
of the study to determine the neurological deficit were
formulated based on the sum of points scored in each
test. A higher score indicates a more severe injury. The
total number of points in the range from 1-6 indicates
the presence of a mild TBI, from 7 to 12 — moderate, and
a total of 13—18 indicates the presence of severe TBI.

To the behavioral assessment of animals, the Open
Field [37] and Rota-rod [38] tests were used.

Open Field Test

This behavioral test is used to register the character-
istics of behavioral reactions in pharmacology and psy-
chogenetics. The main task of this testing is to study the
motor component of the orienting reaction and emo-
tional reactivity of rodents. The setup for the Open Field
Test has a large number of modifications, and the pa-
rameters of determination in this test depend from ob-
jectives of study. In rodents without pathologies, explor-
atory behavior prevails over fear, therefore, if the rodent
is placed in the arena, with normal levels of horizontal
and vertical activity, exploratory behavior dominates
over fear (grooming and bowel movements). The anal-
ysis of the behavioral status with the exploratory activ-
ity assessment of the rats was investigated in an “open
field” installation (Open Field LE80OS, PanlLab Harvard
Apparatus, Spain) for 10 minutes. The room was illumi-
nated with a 100W lamp, which hung at a height of 1.5 m
from the bottom of the arena. The rodents were placed
an “open field” around the periphery of the arena. The
arena was wiped with a damp cloth after each animal.
For analyzing the data obtained, the Smart v.3.0.03 pro-
gram was used. (Panlab Harvard Apparatus, Spain). The
results of the data obtained were summarized.

For statistical calculations of the “Open Field” test,
the following indicators were taken: horizontal activity in
the center, horizontal activity on the periphery, stances,
mink reflex, number of defecation acts, number of urina-
tion acts, grooming.
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Rota-rod Test

The Rota-rod test is used characterizing motor coor-
dination of movements [13]. In this experiment, a con-
stant rod rotation speed of 20 rpm was used. The latency
period (LP) of first fall (the time of first fall of rat from the
rotating rod) and the total holding time on the rotating
rod for 3 attempts were recorded [33, 39-42].

Based on the objective, all animals were divided into
the next groups (n=13):

1. Intact group (animals with oral administration of
NaCl in equivalent doses)

2. Simulation of experimental TBI (control)

3. Simulation of experimental TBI + LHT 4-15

4. Simulation of experimental TBI + LHT 10-18

5. Simulation of experimental TBI + LHT 11-18

6. Simulation of experimental TBI + LHT 12—-18.

All substances were injected at dose of 50 mg/kg
(dose selection was carried out by the experiment), 30
minutes before the modeling of the pathology. Samples
were dissolved with sodium chloride and injected intra-
gastrically.

A day later, the indicator assessments of neurologi-
cal deficit and behavioral status was researched [15].

Statistical processing of results

Descriptive statistics were used for all data. The data
obtained were checked for normality of distribution.
The type wa distribution was determined by the Shap-
iro-Wilk test. In the case of a normal distribution, the
mean value (M) and the standard error of the mean (m)
were calculated. Inter-group differences were analyzed
using parametric (Student’s t-test) or non-parametric
(Mann-Whitney test) methods, depending on the type
of distribution. Statistical analysis was performed using
IBM SPSS Statistics 23 (USA) and Microsoft Office Excel
2010.

RESULTS AND DISCUSSION

During the experiment, it was found that injection
of LKHT 4-15, LKHT 10-18, LKHT 11-18, LKHT 12-18 to
mice at the dose range of 500-5000 mg/kg did not lead
to changes compared with the usual behavior of rodents.
When LKHT 4-15, LKHT 10-18, LKHT 11-18, and LKHT
12-18 were injected at dose of 10000 mg/kg, a decrease
in behavioral activity was observed and, visually, a slight
increase of respiratory rate in mice was recorded. Ani-
mals were localized on the periphery of the cage. There
was no change in the skin and hair, mucous membranes
of mice. The amount and quality of urinations and defe-
cations were unchanged.

Based on the data obtained during the study of
acute toxicity of LKHT 4-15, LKHT 10-18, LKHT 11-18,
LKHT 12-18, it was not possible to determine LD, , since
no deaths of mice were recorded. Maximum injected
dose 10000 mg/kg was selected as LD, for further ex-
periment, according to the protocol and design of the
study.
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The investigated derivatives of ethylthiadiazole
were injected to rats at a dose of 50 mg/kg (1/200 of
maximum injected dose).

The effect of ethylthiadiazole derivatives

on indicators of neurological deficit

in experimental animals with simulated TBI

For all animals of the experimental groups, the char-
acteristic symptoms were: lethargy, tremor, weakness
of the limbs, paresis. The cognitive dysfunction rats was
recorded, pathological work of the forelimbs was ob-
served: the animal pulled the forelimbs along with it, the
fingers were clenched to the palm.

At the first days of experiment, the mortality rate
was equal to 0% in all groups. On the 3™ day, the highest
percentage of mortality — 23%, was in the groups with
TBI without correction, with correction of LKHT 10-18
and LKHT 11-18 at the dose of 50 mg/kg. The lowest
percentage (8%) of fatality on the 3™ day was registered
in the group of animals injected by LKHT 12-18.

The highest mortality rate of animals in experimen-
tal groups was observed for 3 to 7 days. TBI caused the
death of a high percentage of control group animals
(46%). Injection of LKHT 11-18 at the dose of 50 mg/
kg did not lead to a significant reduction in the number
of deaths (38%). Average mortality rates were recorded
in groups with LKHT 10-18 (31%) and LKHT 4-15 (23%).
The lowest mortality rate was in group injected by the
LKHT 12-18 (8%).

The effectiveness of LKHT 4-15, LKHT 10-18, LKHT
11-18, and LKHT 12-18 at the dose of 50 mg/kg on the
neurological deficit of animals after TBI simulation was
evaluated using the McGraw stroke score scale modified
by V. Gannushkina and the psychometric neurological
deficit score scale mNSS. The intact group didn’t have
neurological deficit.

The group without pharmacological treatment was
taken as a control.

In this group, a neurological deficit of moderate se-
verity was observed on 1% day — 4.04 points, with a ten-
dency to worsen the severity by day 7"to 6.08 points.

One day after modeling the pathology, a severe de-
gree of neurological deficit was recorded in the control
group (4.04 points). In the group LKHT 12-18, the neu-
rological deficit was mild (2.96 points). In groups with
correction, LKHT 4-15, LKHT 10-18 and LKHT 11-18 oc-
cupied intermediate values (3.19, 3.65 and 3.88 points).

On the 3™ day, a neurological status decrease was
observed in all groups, with the exception of the group
with correction LKHT 12—18 (2.73 points).

On the 7™ day, a neurological deficit decrease
was observed in the groups with LKHT correction
12-18 (2.46 points) and using of Citicoline at a dose of
500 mg/kg (2.97 points). In the group LHT 4-15, the se-
verity did not change (4.27 points). In the control groups
LHT 10-18 and LHT 11-18, the severity changed to se-
vere (6.08, 5.54 and 5.73 points).
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Table 1 — Scale for neurological deficit according to McGraw modified by I.V. Gannushkina (1996)

Symptoms Point
Lethargy, slowness of movement 0.5
Tremor 1.0
Unilateral half-tosis 1.0
Bilateral half-tosis 1.5
Unilateral ptosis 1.5
Bilateral ptosis 1.5
Manege movements 2.0
Paresis of 1-4 limbs 2.0-5.0
Paralysis of 1-4 limbs 3.0-6.0
Coma 7.0
Fatal outcome 10.0

Table 2 — Modified mNSS neurological symptom severity scale

Test Point Manifestations Point

Hanging by the tail 0-3 Flexion of the forelimb

Flexion of the forelimb 1

Head displacement >10° from vertical axis for 30 sec 1

Physical activity 0-3 Without features 0

Impossibility to move in a straight line 1

Arena movements 2

Falling to one side 3

Sensory tests 0-2 Front limb placement test 1

Resistance to passive flexion of the limb in the ankle joint 1

Walking the crossbar 0-6 Steady posture 0

Pinching one side of the bar 1

Grasping the bar with sliding one of the limbs 2

Grasping the bar with slipping of two limbs or rotating on the bar (> 60 sec) 3

Unsuccessful attempt to stay on the bar, fall (>40 sec) 4

Unsuccessful attempt to hold onto the bar, fall (> 20 sec) 5

Falling without trying to hang or hold onto a beam (<10 sec) 6

Loss of reflexes, 0-4 Reflex of the external auditory canal 1

specific movements Corneal reflex 1

Startle reflex 1

Convulsions, myoclonus, muscular dystonia 1

Table 3 — The effect of ethylthiadiazole derivatives on the dynamics of neurological disorders severity
in accordance with McGraw score scale modified by I.V. Gannushkina (1996) (by the average score) (n=13)

Days
Groups

1 3 7

Intact animals 0 0 0
TBI 4.04 5.35 6.08
LKHT 4-15 (50 mg/kg) 3.19 4.00 4.27
LKHT 10-18 (50 mg/kg) 3.65 4.69 5.54
LKHT 11-18 (50 mg/kg) 3.88 4.85 5.73
LKHT 12-18 (50 mg/kg) 2.96 2.73*% 2.46*
Citicoline(500 mg/kg) 3.97 4.33 2.97*

Note: * — p<0.05 in comparison with the control group of rats
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Table 4 — The effect of ethylthiadiazole derivatives on the dynamics of neurological disorders severity
in accordance to the mNSS neurological assessment deficit scale (based on the average score) (n=13)

Period of time

Groups 2% day
Intact animals 0

TBI 10.69

LKHT 4-15 (50 mg/kg) 8.38*
LKHT 10-18 (50 mg/kg) 8.92
LKHT 11-18 (50 mg/kg) 9.83
LKHT 12-18 (50 mg/kg) 7.85%
Citicoline(500mg/kg) 8.00

Note: * — p<0.05 in comparison with the control group of rats

Table 5 — Results of the Open Field Test with intragastric injecttion of ethylthiadiazole derivatives (M+m; n=13)

Test indicatirs Horizontal

Horizontal activity inthe  Rearin Hole
activity in the Y _g Exploratory Grooming  Defecation  Urination

Groups outer zone, behavior .

center, (m) (m) behavior

Intact animals 0.66%0.23 71.72+3.30 10.77+0.60 4.69+0.36 14.15+0.96  2.00+0.30 0,92+0,21
TBI 0.5840.13 38.34+7.98 3.55+0.53  2.90+0.31 15.72+0.93 0.73+0.24 0.55+0.20
LKHT 4-15 (50 mg/kg) 1.25+0.20* 53.57+5.90 4.42+0.81  2.83+0.47 13.67+0.85 1,08+0,26 0.42+0.20
LKHT 10-18 (50 mg/kg) 0.77+0.09 55.92+6.29  3.90+0.45  3.09+0.65 14.18+0.86 0,91+0,25 0.55+0.21
LKHT 11-18 (50 mg/kg) 0.69+0.07 42.09+2.44  3.82+0.54  2.63+0.53 15.09+0.62 0,82+0,26 0.72+0.25
LKHT 12-18 (50 mg/kg) 1.5+0.11%* 59.47+3.41* 5.92+0.38* 3.41+0.37 14.50+0.72  1,00+0,25 0.83+0.21
Citicoline (500 mg/kg) 1.44+0.22* 49.8+3.00*  4.60+0.53  3.40+0.35 12.78+0.60* 1,00+0,28 0.74+0.21

Note: * — p<0.05 in comparison with the control group of rats

Table 6 — Results of the Rota-rod Test with intragastric administration
of the ethylthiadiazole derivatives (Mtm; n=13)

Group The latent period of the first fall The total retention time of animals for 3 attempts
72 hours

Intact group 83.31+2.86 158.69+2.13
TBI 7.6410.61 68.90+4.54
LKHT4-15 41.25+3.20* 95.58+1.09*
LKHT10-18 30.67+2.46% 81.18+1.33
LKHT11-18 24.18+1.98* 81.00+3.78
LKHT 12-18 49.83+3.39* 105.08+1.89
Citicoline(500 mg/kg) 35.73+3.65* 89.14+2.50*

Note: * — p<0.05 in comparison with the control group of rats

Injection of LHT 4-15 and LHT 12—-18 with simulated
TBI resulted in a marked decrease in the severity of neu-
rological deficit in comparison with the control. Statisti-
cally significant (p<0.05) improvement in the severity of
neurological deficit was registered in the group of ani-
mals injected by the LHT 12—18 at the dose of 50 mg/kg
in comparison with the control group, the data obtained
presented in table 3.

On the 2" day, the rats injected by the LKHT 4-15,
LKHT 10-18, LKHT 11-18, LKHT 12-18 at the dose of
50 mg/kg had more mildsymptoms of neurological defi-
cit in accordance with mNSS scale in comparison with
the control group of animals. But statistically significant
differences (p<0.05) was observed only in groups LKHT
4-15and LKHT 12-18 at the dose of 50 mg/kg, data ob-

Tom 8, Beinyck 4, 2020

tained presented in table 4. Rats of these groups had more
pronounced motor skills compared with control group.

Besides the results of neurological deficit on two
scales of pronounced neuroprotective activity in LKHT
4-15 and LKHT 12-18 at the dose of 50 mg/kg was re-
vealed. In rodents of these groups, the lowest scores of
neurological deficits and a higher level of motor activity
of the limbs were recorded. The statistically significant
differences in the two scales and the level of lethality
LKHT 12—18 was identified as a leader.

The effect of new ethylthiadiazole derivatives

on the indicators of the behavioral status

in simulated TBI

The Open Field Test, the motor and exploratory ac-
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tivity of intact animals was evaluated, as well as animals
with simulated TBI without pharmacological treatment
and administered with ethylthiadiazole derivatives. The
data obtained presented in table 3.

Among the Open Field testing 72 hours after inju-
ry simulation showed that pharmacological treatment,
motor and exploratory activity in comparison with the
intact group was lower by 2 times and 3 times, respec-
tively; movement in the field was chaotic with extremely
rare peeks into holes and rearing behaviors, the rats did
not investigated the entire area of the field.

Motor activity significantly decreased in all groups
relative to intact animals. The LKHT 12-18 at the dose
of 50 mg/kgcould significantly hinder the reduction of
motor activity in the animals on the background of a
traumatic brain injury, p<0.05 in comparison with the
indicators of the control group from all groups.

The evaluation of exploratory activity was also de-
creased in all groups in comparison with intact animals.
In the control group, the largest decrease in this indica-
tor was still observed; the data obtained presented in
table 5. Hole exploratory behavior in the groups inject-
ed by the LKHT 4-15, LKHT 10-18, LKHT 11-18, LKHT
12-18 did not decrease significantly, relative to the con-
trol group of animals. The number of rearing behaviors
in the injected group by the LKHT 12-18 at the dose of
50 mg/kg increased by 1.5 times, statistically significant
(p<0.05) relative to the control group. The number of
defecations and urinations decreased not statistically
significant. Grooming was statistically significantly differ-
ent from the control in all groups (p<0.05).

The Rota-rod Test, the control group recorded a de-
crease in the retention time of animals on a rotating rod
for 1 attempt (latent period) and 3 attempts, in compar-
ison with the intact group, the data obtained presented
in table 6. TBI simulation of the control group caused
significant violations of strength and coordination.
Regression of the total retention time relative to the
intact group was determined. The injecttion of all eth-
ylthiadiazole derivatives LKHT 4-15, LKHT 10-18, LKHT
11-18, LKHT 12—18 at the dose of 50 mg/kg significantly
increased the retention time for 1 attempt on the rod
(p<0.05) in comparison with the control. The highest in-
dicators in this test for 1 attempt of retention were regis-
tered in groups of LKHT 4-15 - 5.5 times, LKHT 12-18 -7
times higher than in the control. The lowest rates were
observed in the group with TBI and LKHT 11-18 — only
4 times.

The total retention time of animals on the rod for
3 attempts statistically significant differences in groups

LKHT derivatives 4-15 (1.4 times longer), LKHT 11-18
(1.25 times longer), LKHT 12-18 (1.5 times longer) at the
dose of 50 mg/kg compared with the control (p<0.05).

Based on the results of the Rota-rod Test, the most
promising compound for pharmacological treatment of
the consequences of traumatic brain injury is LKHT 12—
18 at the dose of 50 mg/kg.

DISCUSSION

For identification a promising neuroprotective com-
pound among new ethylthiadiazole derivatives, the
most significant and reliable indicators were found in
the compound LKHT 12—-18 at the dose of 50 mg/kg: the
lowest percentage of mortality among groups with phar-
macological treatment of pathology (8%); LKHT 12-18
administration to rats with simulated TBI led to a signif-
icant decrease in the severity of neurological deficit in
comparison with the control, the decrease of the sever-
ity of neurological deficit in the group of animals admin-
istered with LKHT 12-18 at the dose of 50 mg/kg was
statistically significant (p<0.05) in comparison with the
control group; the evaluation of neurological deficit in-
dicators using mNSS scale showed a pronounced neuro-
protective activity of LKHT 12—18 at the dose of 50 mg/
kg. In rodents of this group, the lowest scores of neuro-
logical deficits and a higher level of motor activity of the
limbswere recorded. The number of rearing behaviors in
the group of animals injected by LKHT 12—18 at the dose
of 50 mg/kg increased by 1.5 times, statistically signifi-
cant (p<0.05) relative to the control group. Based on the
results of the Rota-rod Test, the total retention time of
animals on the rod for 3 attempts significantly differed
in the groups LKHT 4-15 (1.4 times longer), LHT 11-18
(1.25 times longer), LHT 12—-18 (1.5 times longer) at the
dose of 50 mg/kg compared with the control (p<0.05).

Based on the results obtained in this study, it is
planned to study in more detail the LKHT 12—-18 at the
dose of 50 mg/kg using a complex of biochemical and
morphometric research methods that will suggest a po-
tential mechanism of action of this leader compound.

CONCLUSION

LHT 12—-18 — an ethylthiadiazole derivative at a dose
of 50/mg has the most pronounced neuroprotective ef-
fect in an experimental model of traumatic brain inju-
ry. Based on the results obtained in this study, a more
detailed study of LHT 12-18 is planned using a complex
of biochemical and morphometric research methods,
which will suggest a potential mechanism of action of
this leader compound.
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