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The aim of the study was to evaluate a cerebroprotective activity of the sitagliptin and aminoguanidine combination in rats
with an acute and chronic cerebral circulation insufficiency, as well as with a traumatic brain injury.

Materials and methods. The study was carried out on male Wistar rats in 3 stages using, respectively, a model of a chronic
pathology: a chronic cerebral circulation insufficiency (CCCI), as well as 2 models of the acute brain injury (Bl): an acute
cerebral circulation insufficiency (ACCI), and a traumatic brain injury (TBI). A CCCl was modeled by a bilateral stenosis of the
common carotid arteries (by 50%), a model of a hemorrhagic stroke caused by an intracerebral injection of the autologous
blood was used as a stroke, a TBI was modeled by a mechanical damage to the brain tissue. To assess the pathology
course severity, the following tests were used: Adhesion test, Open field, Morris water maze test, as well as Garcia and
Combs&D’Alecy scales. In the animals with an acute damage to the brain at the end of the experiment, the severity of edema
of the affected hemisphere was also determined. The treatment was with sitagliptin (10 mg/kg), aminoguanidine (25 mg/kg),
or a combination thereof. The obtained data were subjected to the statistical processing.

Results. In the course of the study, it was found out that the administration of a sitagliptin and aminoguanidine combination,
unlike each of the components, had a cerebroprotective effect in the animals with a chronic or acute damage to the brain,
reducing the severity of psychoneurological (cognitive and sensory-motor) disorders, as well as the brain edema.
Conclusion. Aminoguanidine, as an iNOS blocker, enhances the action of sitagliptin, preventing the brain edema development
and reducing the neurological deficit severity (the severity of cognitive and sensory-motor impairments) in the animals with
an acute and chronic cerebral circulation insufficiency.

Keywords: DPP-4 inhibitors; sitagliptin; preclinical studies; acute and chronic cerebral circulation insufficiency; traumatic
brain injury

Abbreviations: iNOS — inducible nitric oxide synthase; mNSS — modified Neurological Severity Score; NO — nitric oxide (l1);
HS — hemorrhagic stroke; GLP-1 — glucagon-like peptide-1; iDPP-4 — inhibitors of dipeptidyl peptidase-4; SGLT-2 — sodium-
glucose linked transporter-2; BP — blood pressure; CVDs — cerebrovascular disorders; ACCl — acute cerebral circulation
insufficiency; CCAs — common carotid arteries; CCCl — chronic cerebral circulation insufficiency; TBI — traumatic brain injury;
ED — endothelial dysfunction.
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Lienb. OueHWTb LepebponpoTeKTOPHYO aKTUBHOCTb KOMBOMHALMM CUTAIMATUHA C aMUHOTYaHUANUHOM Y KpPbIC C OCTPbIM U
XPOHUYECKUM HapyLLeHNEM MO3rOBOro KpOBOODOPALLEHUS, @ TaKKe YepernHOo-MO3roBOI TPaBMOA.

Marepuanbl u meToapbl. ViccnegoBaHve NnpoBeAeHO Ha Kpbicax-camuax vHum Wistar B 3 aTana ¢ Mcnoib3oBaHMeEM MOAenu
XPOHWYECKOM NAaTONOMMMU: XPOHUYECKOE HapyLleHne MO3roBoro KpoBoobpalueHus (XHMK), a Takke 2-x mogenei ocTporo
noBpexaeHus ronosHoro mosra (FM) — ocTpoe HapylieHue Mo3roBoro KposoobpalueHus (OHMK) u yepenHo-mo3rosas
Tpasma (YMT). XHMK moaenvpoBanu ABYCTOPOHHUM CTEHO3MpPOBaHMEM OBLIMX COHHbIX apTepuii (Ha 50%); B KauecTBe
OHMK ucnonb3oBann moaenb remopparMyeckoro MHCY/bTa, BbI3BAHHOFO BHYTPMMO3rOBOW MHbEKLUMeN ayTokposu; YMT
MOAENNPOBANIN MEXAaHUYECKMM MoBpexaeHnem TKaHu M. [na OUEHKM TAMKEeCTU TeYeHWs NaToNorMu MCMosib30Banu
cnepyrowme TecTbl: «AaresvBHbIN TecT», «OTKpbIToe none», «BoaHbIM NabupuHT Moppuca», a TakKe LWKanbl Garcia u
«Combs&D’Alecy». Y KMBOTHbIX C OCTPbIM NoBpexkaeHuem MM B KOHLE 3KCNepUMeHTa onpeaensinn BblparKeHHOCTb OTeKa
nopakeHHoW remucdepbl. B Kayectse neyeHMs BBOAWUAWU cUTArAMNTMH (10 mr/Kr), amuHOryaHuguH (25 mr/Kr) mam mx
KOMBUHaLMIo. NonyyeHHble faHHble NoABEPrasncb CTaTUCTUYECKON 06paboTKe.

Pe3ynbratbl. B X04€ nccnenoBaHua 6b110 YCTaHOBMEHO, YTO BBeAeHMEe KOMOUHALMM CUTAIMNTUHA C aMUHOTYaHUANHOM, B
OT/IYMeE OT AEeNCTBUA KaXKA0ro U3 KOMMNOHEHTOB MO OTAE/IbHOCTM, OKa3blBaNo LepebponpoTeKTopHOe AEUCTBUE Y UBOTHbIX
C XPOHUYECKUM MW OCTPbIM BapMAHTOM NOBPeXAeHUA M, CHWUKan BblPaXKEHHOCTb MCUXOHEBPONOTUYECKMX (KOTHUTUBHbIX
N CEHCOPHO-MOTOPHbIX) HapyLIEHWI, a TaKKe oTéKa M.

3akntoueHne. AMUHOTyaHUAUH Kak 610kaTtop iNOS ycunuBaeT gencrsve cUMTarIMNTMHA, NPeaoTBpaLLan pasBUTUE OTEKa
M 1 ymeHblan BbIPAaXXEHHOCTb HEBPO/OrMYeckoro aeduumra (Bblpa’KEHHOCTb KOTHWUTUBHBLIX M CEHCOPHO-MOTOPHbIX
HapyLWeHMI), Y }KMBOTHbIX C OCTPOW MU XPOHUYECKON HEAOCTAaTOYHOCTbIO MO3rOBOIO KPOBOOBpaLLLEeHUA.

KnioueBble cnoBa: MHrM6uTops! AMMN-4; CUTarUNTUH; AOKAMHUYECKUE UCCNEA0BaHNA; OCTPbIE U XPOHUYECKME HapYyLIEHUA
MO3roBOro KpoBoOb6palLeHUA; YepenHo-Mo3roBas TpaBma

Cnucok cokpaweHmit: iNOS — nHayumbenbHasa cMHTasa okcuaa asota; mMNSS — WKana OUEHKU TAXKECTU HEBPOIOTMYECKOM
cumnTomatnkm; NO — okeung, asoTa (I1); T — remopparnyecknin MHcynbT; TM — ronosHoi mo3r; [MM-1 — ratoKaroHonog06HbIN
nentmg-1; nAMNnN-4 — nHrnbutopsbl aunenTuaunnenTuaasbl-4; HI/IT-2 — HaTPUIA-TIIOKO3HbIMA KOTpaHCNopTep 2-ro Tvna;
HMK — HapyweHua mo3roBoro KposoobpatyeHus; Al — apTepuanbHoe gasneHme; OHMK — ocTpoe HapylleHne Mo3roBoro
KpoBoobpaueHns; OCA — obuwaa coHHaa apTtepusa; XHMK — XpoHWYecKoe HapylleHWMe MO3roBOro KpOBOOOpalLEeHUS;
YMT — yepenHo-Mo3roBas TpaBma; 3L, — saHAOTeNMaNbHAA ANCHYHKLUA.
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INTRODUCTION

In the Russian Federation, a number of patients
suffering from a chronic cerebral circulation insufficiency
(CCCI) reaches at least 700 cases per 100 000 people.
The CCCI manifests itself as a diffuse and gradually
increasing deterioration in the blood supply to the brain
tissue, which contributes to the formation of cognitive
and sensory-motor disorders. The pharmacotherapy
of CCCl is aimed at improving hemoperphysis and
metabolism of the nervous tissue, as well as reducing
the inflammation [1]. Various types of an acute cerebral
circulation insufficiency (ACCI) are widely spread. They
are characterized by a pronounced neurological deficit,
a high mortality, and require a long-term rehabilitation
with the possibility of using neuroprotective drugs with
a polytargeted mechanism of action (anti-inflammatory,
antioxidant, vasodilating, etc.).

In 2010 and 2015, there were 5.406 and 6.240 million
stroke deaths worldwide, respectively. At the same
time, a significant mortality — about 60% — is caused
by a hemorrhagic stroke (HS), which makes up 10-15%
of all types of a cerebral circulation insufficiency (CCl)
[2, 3]. Its most significant risk factors are a history of CCl,
a high blood pressure (BP), and diabetes mellitus (DM)
[4]. The problem of a traumatic brain injury (TBI) is also a
serious challenge for modern medicine, especially given
a limited number of available and effective treatments
that take into account pathogenetic mechanisms
(inflammation, edema, etc.) [5].

The consequence of TBI, as well as that of acute
acute CCI (ACCI) and chronic CCI (CCCI), is the formation
of neurological disorders, different in spectrum and
severity, leading to a director disability and a decrease in
the quality of life, i.e. a cognitive impairment (problems
with memory, attention and learning), sensory, motor
and other disorders. DM, which is pandemic in nature,
significantly complicates the course severity and worsens
the prognosis of acute and chronic brain pathologies
associated with both a CCl and TBI [4, 6]. In this regard,
there is a need for drugs with a cerebroprotective
potential that can improve the course prognosis of
various types of brain injuries, which can also be used
in DM.

Currently, a wide range of drugs that can improve
a person’s intellectual and mental abilities to varying
degrees, including cases of the brain tissue damage, is
available. However, their effectiveness does not fully
meet the expectations of specialists, therefore, the
search for new compounds and approaches, the use of
which would reduce the incidence of dementia, increase
the resistance of brain tissues to various adverse factors,
facilitate and/or accelerate their recovery after various
types of traumatic brain injuries, continues.

Over the past 10 years, the interest of specialists
in drugs from the group of incretin mimetics has not
decreased. The clinical data indicate a reduction in
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the risk of occurrence and severity of cardiovascular
complications in the patients with type 2 diabetes
(myocardial infarction and a stroke) when using
primarily analogues of glucagon-like peptide-1 (GLP-1).
The open pleiotropic properties of incretin mimetics
are only partially associated with a hypoglycemic
effect, and their basis is multidirectional effects due to
the wide prevalence of the GLP-1 receptor in the body
and, accordingly, the consequences of its activation [7,
8]. Dipeptidyl peptidase-4 (iDPP-4) inhibitors, having a
moderate antihyperglycemic activity, are ones of the
most affordable and sought-after drugs from the group
of incretin mimetics, and are being actively studied in
the form of new fixed combinations [9].

Aminoguanidine is an inhibitor of the end products
glycation formation and an inducible isoform of nitric oxide
synthase (iNOS), the activity of which is accompanied
by a number of positive effects, but mainly it underlies
the pathophysiological processes that make up the
essence of most cardiovascular diseases [10]. Given
a significant negative role of iNOS in the pathogenesis
of a CCl, a decrease in the activity of this enzyme can
be an effective way to treat this group of pathologies.
Many experimental studies have shown a pronounced
protective effect of aminoguanidine [11-14] in various
CCls, accompanied by an iNOS activation, tissue hypoxia
and edema.

Initially, aminoguanidine was developed as
an antiglycation agent with a target positioning
for use in diabetic nephropathy [15]. Despite the
termination of the clinical studies due to doubts
about their safety and lack of efficacy, the potential
of aminoguanidine as a promising molecule for the
prevention and treatment of DM and its vascular
complications, including combinations with other
antihyperglycemic agents, remains undiscovered. As
indicated above, aminoguanidine showed a pronounced
cerebroprotective effect in various experimental CCl
models, cardio- and cerebroprotective potential, not
associated with their hypoglycemic effect, was also
proven for iDPP-4. Based on this, it seems appropriate
to evaluate the possibility of their combined use in
preclinical studies in order to correct the consequences
of a CCl and in conditions of an acute TBI.

THE AIM of the study was to evaluate a
cerebroprotective activity of the sitagliptin and
aminoguanidine combination in rats with an acute and
chronic CCl, as well as with a TBI.

MATERIALS AND METHODS

Model objects

All experiments were performed in accordance
with the legislation of the Russian Federation
(GOST R 53434-2009, GOST R 51000.4-2011) and the
technical standards of the Eurasian Economic Union
for good laboratory practice. The design of the study
was approved by the Regional Independent Ethics
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Committee, the registration number IRB 00005839
IORG 0004900 (OHRP), as evidenced by an extract from
Protocol No. 132 dated May 20, 2019 of the meeting
of the Commission for Expertise of the Study at
Volgograd State Medical University.

The work was performed on 150 male Wistar
rats (aged 5-6 months, body weight of 300 g, the
“Rappolovo” nursery for laboratory animals). After the
arrival from the nursery, the animals were quarantined
for 14 days in the vivarium of Volgograd State Medical
University, where they were kept throughout the
experiment at 20+2°C under conditions of 40-60%
humidity and an alternating day/night cycle (12/12 h)
with an unlimited access to food and water.

All surgical procedures were performed using
combined anesthesia: zoletil 20 mg/kg (Zoletil®100,
Valdepharm, France) + xylazil 8 mg/kg (Xyla, Interchemie,
Netherlands), intraperitoneally. The eyes of the animals
were closed during the operation, and blepharogel was
applied to them to prevent the cornea from drying out.
After the operation, the wounds were irrigated with
a solution of chlorhexidine (0.05%); the edges were
sutured with a continuous surgical suture.

Pathology modeling

CCCl simulation by stenosis of common

carotid arteries [16]

After isolating the common carotid arteries (CCA),
the vessels were tied to a nylon thread of a given
diameter, and then it was removed so that the vessel
could fill the vacated space, which would allow the
blood flow to be restored by only 50%. The blood flow
velocity was assessed using dopplerography polygraph
MP150 with an LDF100C module (Biopac Systems, USA).

Modeling of hemorrhagic stroke by intracerebral

injection of autologous blood [17]

An anesthetized animal was fixed in a stereotaxic
apparatus (Shenzhen RWD Life Science Co, China) using
a tooth holder and ear fixators. The wool cover was
shaved off over the parietal bone. After processing the
surgical field with a scalpel, a skin incision along the
midline above the bregma (8—-10 mm long) was made.
Using a RESTAR-03 drill (RESTAR, Russia), a cranial
foramen 1 mm in diameter was drilled at the level of the
bregma (3.5 mm lateral to the midline) in the left coronal
suture. Next, 100 pl of blood was taken from the tail vein
into a tuberculin syringe without anticoagulant, fixed in
a stereotaxic apparatus, and slowly injected through the
cranial foramen under the brain membranes using a 29G
needle.

Modeling of traumatic brain injury

To simulate an acute TBI, after a similar preparation
of the surgical field, according to the stereotaxic
coordinates, a hole was drilled in the parietal bone (g
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4 mm) using a drill, after which the brain tissue was
injured with a modified mandrin knife.

Determination of pathological changes severity

and treatment effectiveness

A neurological deficit in the animals with an acute
pathology (a stroke and a traumatic brain injury)
was assessed using the following scales: the 9-point
“Combs&D’Alecy” scale and the Garcia scale [18,
19]. The “Combs&D’Alecy” scale was used to detect
extrapyramidal disorders, including tests to assess a
muscle strength, a tenacity-traction and the animals’
balance. A lower total score corresponds to more
pronounced neurological disorders. According to the
Garcia scale, the severity of the following indicators
was determined: a muscle tone, a motor activity, basic
physiological reflexes, a coordination of movements,
and a tactile sensitivity. For each test, the following
scores were assigned: 3 points — normal, 2 points — a
slight violation of symmetry, 1-0 points — pronounced
violations or a lack of movements.

A psychoneurological deficit in the CCCI animals
was assessed using the modified Neurological Severity
Score (mNSS) [18]. This scale is scored on a variety of
parameters, including a muscle strength, motor skills,
a sensory function, and a motor coordination. The
maximum number of points is 14, the minimum is 0. The
higher the total score on the mNSS scale is the severer
the neurological deficit is considered.

Sensory-motor disorders (sensitivity and fine motor
skills of the forelimbs) were assessed using an Adhesive
test [18, 20]. As a foreign object, square pieces of the
adhesive tape (5 mm?, Veropharm, Russia) were quickly
glued to the volar surface of the animal’ forelimbs. The
severity of sensory-motor disorders was judged by the
time of detection and removal of the adhesive plaster
from the paws by the animals.

Motor disorders were assessed in the Open field
test, in which a spontaneous motor activity was judged
by the number of sectors crossed during 3 min, and an
orienting-exploratory activity was judged by the sum of
the stands and peeps into the holes.

The hydration degree of the brain tissues was
determined as follows: the cerebral hemispheres were
dissected into ipsi- and contralateral (left and right)
parts, the affected hemisphere was weighed and dried
in a thermostat at 100°C for 24 h to determine the water
content procentage according to the formula:

wet weight - dry weight
= g Y WO« 100%

wet weight

The cognitive functions of the CCCl animals were
evaluated in the Morris Water Maze test [18, 21], which
is designed to study the formation of the spatial memory.
The installation is a water pool, divided into 8 designated
zones (4 main and 4 additional; Fig. 1), in the center of
one of which there is a platform submerged 1 cm into
the water, and on the walls of the installation (at points
“N”, “E”, “S”, “W”) visual landmarks are fixed.
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The scheme of the experiment is the following:
according to the certain scheme, during 4 training
days (4 attempts per day), an animal was placed in the
water at the distance of 10 cm from the maze wall and
the latent period of the flooded platform was recorded
(Fig. 1). The test sessions lasted for 1 min with a break
between the sets of 30 sec. If the rat did not find the
platform within 1 min, it was lured to the platform and
left on it for 15 sec.

Study design

The study was performed in 3 series (Fig. 2): in
the 1% series, CCCl was modeled by stenosis of the
CCAs by 50%, the treatment was started 40 days after
the operation and continued for 21 days. In the 2™
and 3" series of the experiment, the animals were
simulated an acute brain injury by the methods of
creating TBI or a HS; the treatment was started on
the 2" day after the operation and carried out for
14 days; the severity of symptoms of a neuropsychiatric
deficit in all the series was assessed before and after
the treatment. Sitagliptin (Januvia, 10 mg/kg/day, per
os) or aminoguanidine (Sigma, 25 mg/kg/day, i.p.) or
their combination was administered as a treatment
(dose, regimen, and route of administration for each
drug remained unchanged). At the end of the study, the
severity of cognitive impairment in the Morris Water
Maze test was determined in the CCCl animals, and the
severity of brain edema was determined in the animals
with an ACCI — after euthanasia.

In each series of the studies, the animals were
divided into equal (n=10) groups: intact, ACCI/CCCl+
placebo (0.9% NaCl) - “Placebo”, ACCI/CCCl+
sitagliptin — “Sit”, ACCI/CCCl+aminoguanidine — “Amg”,
ACCI/CCCl+sitagliptin+aminoguanidine “Sit+Amg”.
The doses of the substances were selected taking into
account the literature data [22, 23].

Euthanasia

In accordance with Directive 2010/63/EU of the
European Parliament and the Council of the European
Union on the protection of animals used for scientific
purposes dated September 22, 2010, the animals were
euthanized after the completion of the experiment by
placing them in a CO, chamber.

Statistical processing

Statistical processing of the obtained results was
carried out by methods of descriptive and analytical
statistics using Prism 6 Software (GraphPad Software
Inc., USA). The distribution of quantitative indicators
was assessed using the Shapiro-Wilk test. The intergroup
differences were assessed using a one-way analysis of
variance with the Newman-Keuls post hoc test. The
differences were considered significant at p <0.05. The
numerical values were presented as the arithmetic mean
and the standard error of the arithmetic mean (Me+m).

RESULTS
A partial ligation of the CCAs by 50% caused
pronounced symptoms of a psycho-neurological deficit
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in the animals, which manifested themselves on the 61st
day of the experiment in the form of an increase in the
neurological deficit score on the mNSS scale (4.2+2.1
vs 0.1#0.1; p <0.05), a motor decrease (18.6+7.1 vs
49.8+15.5; p <0.05), and an exploratory activity (3.1+0.5
vs 7.5£1 .6; p <0.05), the latent period of detection and
removal of foreign objects from the palms of the animals
forelimbs. In these animals, cognitive impairments
have been also noted, since they memorized the
location of the flooded platform in the Morris Water
maze test much longer (54.9+12.9 vs 22.1+7.2; p <0.05,
respectively). The animals with partially ligated OSAs
and administered with sitagliptin or aminoguanidine for
21 days, had less expressed neuropsychiatric symptoms
than those treated with placebo, but the results of the
study show that these drugs are not effective enough.
When a combination of these drugs was administered
to the animals with partially ligated CCAs, the symptoms
of a psychoneurological deficit, indicators of motor and
orienting-exploratory activities, fine motor skills and a
cognitive dysfunction were less pronounced, while the
differences with the indicators of the animals that had
been injected with placebo were statistically significant
(p <0.05). That makes it possible to judge on the
presence of cerebroprotective properties of the studied
combination (Table 1).

Theanimalsthathad been modeled foranacute brain
injury resulting from the TBI or a HS showed pronounced
disorders that manifested themselves as symptoms of a
neurological deficit according to the Combs&D’Alecy and
Garcia scales, decreased motor and orienting activities,
and impaired fine motor skills of the forelimbs. (Table 2).
Inthese animals, a higher water contentin the brain tissue
was also recorded. In the animals that had been injected
with sitagliptin or aminoguanidine after modeling the
TBI or a HS, the indicators of a neuropsychiatric deficit
did not significantly differ from those recorded in the
placebo group. With the administration of these drugs
combination, the symptoms of a psychoneurological
deficit, as well as the brain edema degree, were
significantly lower compared to the group without any
treatment in conditions of both pathologies. The results
obtained indicate a significant protective effect of the
sitagliptin and aminoguanidine combination in the
animals with an acute brain injury (ACCI and TBI).

DISCUSSION

Given the disappointing dynamics of the spread of
carbohydrate metabolism disorders and obesity, the
burden of DM and, accordingly, its complications will
increase. Despite significant advances in pharmacology
(development of new classes of antihyperglycemic
drugs — sodium glucose cotransporter type 2 (SGLT-2)
inhibitors, GLP-1 and GLP-1/GIP agonists), the therapy
(development of new algorithms and tactics of patients
with diabetes’ treatment) and a diagnosis (an early
detection, an available screening), the effectiveness
of the diabetes treatment and the prevention of its
complications remain insufficient.
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Note: CCAs — common carotid arteries, CCCl — chronic cerebral circulation insufficiency, ACCI — acute cerebral circulation insufficiency, Sit —
sitagliptin, Amg — aminoguanidine.
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Table 1 - Indicators of psychoneurological deficit in CCCl animals
. CCCl+
Indicator Intact - -

Placebo Sit Amg Sit+Amg
mNSS scale, points 0.1+0.1%* 4.2+2.1 1.2+0.4* 1.1+1.2 0.5+0.8%*
Open field MA 49.8+15.5* 18.6%7.1 27.3+8 25.6+5.4 35.8+7.8*

OEA 7.5+1.6* 3.1+0.5 3.4+1.3 3.9+1.6 3.2+¢1.2
Adhesive test  Average sticker detection 10.9+5.8* 101.2+41.6 41.7+17.6* 48.4+31.6 33.6+£15.8*
time, sec
Average sticker removal 11.2+6.3* 114.2+49.4 43.3+15.7* 53.8+32.2 39.1+11.9*
time, sec
Morris Water Day 1, search time, sec 72.3+5.6* 95.8+15.1 89.4+10.7 82.8+5.7 86.8+9.5
Maze Day 2, search time, sec 59.1+8.2 69.7+19.3 79.4+11.2 69.749.5 59.9+7.5
Day 3, search time, sec 56.3+12.3 57.1+11.1 69.9+10.7 52.1+8.5 45.1+7.9*
Day 4, search time, sec 32.3+7.3% 51.8+14.3 49.4+10.8 49.8+4.9 37.1+5.2*

Note: MA — motor activity, OEA — orienting-exploratory activity, CCCl — chronic cerebral circulation insufficiency, Amg — aminoguanidine, Sith —
sitagliptin, * — differences with the placebo group are significant at p <0.05.

Table 2 - Indicators of psychoneurological deficit in animals with acute brain injury (ACCI and TBI)

Neurological deficit,

. Open field Adhesive test
points Water
Left paw Right paw content in
Group Combs & e ipsilateral to lesion Contralateral to lesion affected
X arcia - - - - .
D’Alecy Scale MA OEA Sticker Sticker Sticker Sticker hemisphere,
Scale detection removal detection removal %
time, sec  time, sec time, sec time, sec
Intact 9+0.0* 18+0.0% 42.4+8.2*% 25.4+1.6* 15.8+1.1* 23.9+1.4%* 14.8+1.3* 19.2+1.2* 76.32+0.03*
TBl+placebo 3+0.1 8.710.4 5.1+0.9 5.2+0.3 123.6+15.3 135.9+14.5 180.0+0.0 180.0+0.0 78.58+0.15
TBI+Sit 3.1+0.2 8.7+0.3 4.0+1.2 1.9+0.4 91.1+14.1* 102.1+12.7* 180.0+0.0 180.0+0.0 78.88+0.21
TBI+AMG 3.210.2 8.8+0.4 5.2+1.3 1.2+0.2 99.6+12.4 108.9+11.5 180.0+0.0 180.0+0.0 78.19+0.13*
;I:;S'H 4.9+0.2* 9.9+0.5 20.5+2.9*% 10.5+0.3* 92.9+14.4* 102.7+22.2 180.0+0.0 180.0+0.0 77.83%0.12%*
Intact 9+0.0¥  18+0.0* 45.2+1.8* 19.4+1.8* 13.9+1.4* 15.8+1.1* 14.8+1.8* 19.2+1.9* 76.06%+0.13*
glca\f::bo 3+0.3 8.5+0.6  5.5+0.9 3.810.4 91.2+11.3 96.8412.1  180.0+0.0 180+0.0 79.12+0.15
ACCI+Sit 3.9+0.2 9.6%0.3 4.8%0.6 3.2+0.6 80.8+12 83.4£18.2  128.2+10.1* 180+0.0 78.59+0.19*
ACCl+Amg 3.0+0.4 8.7%0.6 5.8+0.3 2.2+0.5 81.8+11 85.9+14.7 135.348.1* 180+0.0 78.49+0.29%*
2;Cgl+5|t+ 4.8+0.2*% 10.9+0.5* 25.0+1.7* 15.1+2.3* 52.5+11.6* 63.6+11.4* 66+11.8* 75.248.1* 78.05+0.24*

Note: TBI—traumatic brain injury, t — time, MA — motor activity, OEA — orienting-exploratory activity, ACCI — acute cerebral circulation insufficiency,
Amg — aminoguanidine, Sit — sitagliptin, * — differences with the placebo group are significant at p <0.05.

It is obvious that a compensation of carbohydrate
metabolism disorders is the key to the effective
prevention of DM complications, but for various reasons,
only a small proportion of patients with this diagnosis
can reach and maintain the glycemic values set by the
doctor. The low availability of modern highly effective
antihyperglycemic drugs, as well as the presence of side
effects that limit patient adherence to the treatment,
are significant obstacles to attempts to manage DM.

The main cause of death in DM remains its
cardiovascular complications, the leading cause of
which is an endothelial dysfunction (ED) formed

110

under the influence of chronic hyperglycemia and, as
a consequence, microcirculation disorders. Even an
accidental TBl in DM is much severer, with a higher risk
of disability or death [6]. A chronic inflammation and
oxidative stress do not only damage the endothelium,
exacerbating its dysfunction, but also increase an iNOS
expression, which plays a significant negative role under
these conditions.

The production of nitric oxide by inducible synthase
(iNOS) significantly exceeds that of other isoforms. In
addition to the participation of NO in the process of
the synthesis and secretion of insulin, microcirculation,
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this molecule is involved in maintaining homeostasis
of all body tissues. High concentrations of NO, arising
from the activation of iNOS, have a negative effect on
the cardiovascular system, increasing an ED. The iNOS
activity suppression may play a positive role in relation
to the ED and functioning of the insular apparatus [10].

Over the years, various approaches to modulate
the iNOS activity — blocking the production of ROS in
the upstream direction, the introduction of BH4, the
introduction of folic acid for recycling BH2 to BH4, the use
of arginase inhibitors, resveratrol, calcium dobesilate,
cavnoxin, NOS transcription enhancers (AVE3085 and
AVE9488), L-arginine, blockers and activators of various
NOS — have been developed [10], but none of them is
widely used in medical practice.

Aminoguanidine was developed as a drug for
the treatment of diabetes and its complications
(nephropathy). This drug combines several potentially
valuable properties, i. e., the ability to reduce the iNOS
activity and reduce the accumulations of advanced
glycation end products. Aminoguanidine was withdrawn
from the promotion on the pharmaceutical market for
reasons that can be currently revised from the standpoint
of modern requirements (changes in indications,
additional studies) and opportunities (a molecule
optimization, additional studies according to protocols
using modern methods of collecting and processing
information). Aminoguanidine is also interesting from
the point of view of the results of preclinical studies of
its cerebroprotective properties in various disorders of
cerebral circulation, which is of a high value considering
the causes and consequences of diabetes complications.

DPP-4 inhibitors are the first representatives of
the class of antihyperglycemic drugs, the mechanism
of action of which is associated with the effect on
the incretin system, which is involved not only in the

regulation of the carbohydrate metabolism, but has also
a number of unrelated effects. So, for incretin mimetics
to a greater (GLP-1 agonists) or less (iDPP-4) degree,
cerebro-, cardio- and endothelioprotective properties
have been established [24].

A creation of combined drugs, along with the
development of an original drug or its analogue, a new
dosage form, a new indication for use, is one of the
winning strategies for obtaining a new pharmaceutical
product.

Taking into account a wide range of pleiotropic
iDPP-4 effects, the list of which is expanding with
the accumulation of experience in clinical use, to
evaluate a cerebroprotective effect of the sitagliptin
and aminoguanidine combination was considered
appropriate.

In this study, cerebroprotective effects of the
sitagliptin and aminoguanidine combination were
established in models of an acute and chronic CCl, and it
was found that the protective effect of the combination
significantly exceedsthe effects of the drugs administered
separately, which indicates synergism due to different
exposure targets and, accordingly, effects.

CONCLUSION

A combined use of sitagliptin and aminoguanidine
has a cerebroprotective effect in a CCl, reproduced
by stenosis of the CCAs by 50% and an acute brain
injury, reproduced by the application of the TBI
or an experimental HS, reducing the severity of
neuropsychiatric deficit symptoms, improving cognitive
functions and reducing the severity of cerebral
brain edema. The sitagliptin and aminoguanidine
combination can become the basis for the development
of a new promising approach to the treatment of DM
and its complications.
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