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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.
Monoamine neurotransmitter system dysfunctions lead
to behavioral disorders, cognitive metabolic, and other

pathological conditions. In this case, different amino acids
are precursors of monoamines, while the parenteral path of
monoamine administration has pharmacological restrictions.
Therefore, intranasal administration one of the most promising
methods of delivering an active substance is. The purpose of
the work is to study the effect of intranasal administration of a
chelate complex of zinc arginyl-glycinate and alpha-glutamyl-
tryptophan dipeptide on behavioral and neurochemical changes
in acute and chronic experiments.

Materials and methods: The studies used outbred Wistar and
DAT-KO rats, and inbred C57B16 and TAAR1-KO mice. Using
intranasal administration of a chelate complex of zinc arginyl-
glycinate and alpha-glutamyl-tryptophan dipeptide we tested
methods for evaluating different behavioral indicators and the
level of cerebral monoamines and their metabolites.

Results: An anxiolytic effect of zinc arginyl-glycinate and
its combination with alpha-glutamyl-tryptophan was revealed.
Both drugs have a physiological effect on the autonomic nervous
system, but the determination of their operating mechanisms
requires further research.

Conclusion: Thus, these data indicate that intranasal
delivery of the dipeptides is effective during acute and chronic
intranasal administration in rodents, the latter showed a change
in the anxiety indicator. Acute AG intranasal administration
demonstrated signs of lower anxiety and depressive-like
behavior in C57B16 mice.

The acute intranasal administration of a chelate complex
zinc arginyl-glycinate and combination with alpha-glutamyl-
tryptophan in doses of 50-100 mg/kg of body weight may be
used for pre-clinical studies as a new anxiolytic/antidepressant.

Key words. Alpha-glutamyl-tryptophan, Zinc arginyl-
glycinate, Intranasal administration, Knock-out rats and mice,
Dopamine reuptake, TAAR1, Depression, ADHD, Anxiety.

Introduction.

Monoamine neurotransmitter system dysfunctions lead
to behavioral disorders, cognitive, metabolic, and other
pathological conditions [1-4]. Trace amines and dopamine
are among the most important regulators of complex forms of
behavioral disorders [2,5].

Trace amines (TA) are a group of endogenous amine
metabolites that are formed as a result of the decarboxylation of
all known amino acids and are also neurotransmitter metabolites
(dopamine, serotonin, noradrenaline, etc.) [1,2,6,7].

Trace amine-associated receptor 1 (TAARI) is a G-protein
coupled receptor (GPCR) that is expressed in the monoaminergic
regions of the cortex, limbus, and mesencephalon [7-15].
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It is activated by endogenous trace amines and plays an
important role in modulating dopaminergic, serotoninergic,
and glutamatergic chains. The important role of the trace amine
system in regulating the operation of the dopamine systems
was shown using TAAR1-KO mice. In particular, TAARI1
activation could regulate dopamine release in the adjacent core
of the prosencephalon [1,2]. The drug Ulotaront (SEP-363856)
is currently being developed; it is a receptor 1 agonist, with
receptor 5S-HT 1A agonist activity that is in the 3rd phase of FDA
clinical trials for groundbreaking therapy to treat schizophrenia
[16-19].

Trace amines and dopamine break down under the influence
of monoaminoxidase A and B enzymes (MAO-A and MAO-B)
that display activity in various organs and tissues, including
enterocytes [1,12,20-26]. Consequently, the parenteral path for
monoamine administration has its pharmacological restrictions.
Therefore, one of the most promising methods of delivering an
active substance is the intranasal path.

Dopamine (DA) is an important regulator for behavioral
and metabolic disorders. The dopamine transporter DAT is
coded by the SLC6A43 gene and plays a key role in the DA
reuptake mechanism. Consequently, its normal activity level
is important for the correct functioning of the dopaminergic
systems [27,28]. Disorders in dopaminergic transmission
regulation and prosencephalon functions are observed during
neurodegenerative, mental, and behavioral disorders, such
as schizophrenia, attention deficit and hyperactivity disorder
(ADHD), obsessive-compulsive disorders (OCD), and
Parkinson’s disease (PD) [29].

DAT-KO rats are a good translational model for studying
hyperactivity and other human illnesses related to changes in
DA functioning. Due to this genetic defect, dopamine slowly
accumulates in the synaptic fissure. Rats in this model display a
higher concentration of extracellular DA in the striatum, while
the total DA content in the tissues is noticeably diminished.
Animals of this develop normally but display elevated
impulsiveness, hyperactivity, stereotypical behavior, and
cognitive disorders. Additionally, these rats show metabolic
changes since with an equivalent diet they have lower body
weight compared to heterozygotes (HET) and rats without the
knock-out gene (WT) [4].

Different peptides are currently used widely to treat a
broad spectrum of neurological and alimentary pathological
conditions [30-33]. Most of these medicinal forms are given
perorally, which significantly restricts the therapeutic effect due
to the effect of intestinal microflora and the hepatic detoxication
system.

o-Glutamyl-tryptophan (GT) is a synthetic peptide
immunomodulatory. The drug modulates metabolic processes
in the cells; stimulates the functional activity of immune system

73



cells; stimulates tissue regeneration; accelerates wound healing;
activates the functions of endotheliocytes, macrophages, and
leukocytes in the infection focus; and inhibits the generation of
histamine and serotonin during inflammation [34].

It is important to note that in the study on animals conducted
by two other groups of authors, GT promoted faster wound
healing via modulating the activity of different proteinases [35]
and demonstrated an anti-angiogenic effect on models in vitro,
ex vivo, and in vivo [36].

There is less information in the literature about the chelate
complex of zinc arginyl-glycinate dihydrochloride (AH). It is
part of the drug used to treat patients with chronic prostatitis
and comorbid disorders of sexual and reproductive functions.
The chelate complex has anti-inflammatory and antioxidant
effects and reduces the level of oxidative stress [37]. Another
interesting example is B-lactolin - a glycine-containing peptide
that improved depression-like behavior via dopamine-D1-like
receptor [38].

Despite the accumulated experience in using the GT dipeptide
and chelate AG complex in clinical practice, the operating
mechanism of these substances with intranasal administration
continues to be actively studied. Also considering their amino
acid nature (monoamine precursors), the task was set to studying
the possible link between both drugs and key dopamine system
modulators — TAAR1-mediated regulation of dopamine release
and dopamine reuptake by DAT.

The purpose of the study was to investigate the impact of a
chelate complex of zinc arginyl-glycinate and alpha-glutamyl-
tryptophan on behavioral and neurochemical changes during
acute and chronic intranasal administration on rodent knock-out
models of cerebral diseases.

Materials and Methods.

Animals:

The studies were made on male outbred Wistar rats (n=56),
DAT-KO rats (n=30), TAAR1-KO mice (n=19), and inbred
C57Bl16 mice (n=16). During all the experiments, the rats and
mice were kept in groups of 68 individuals in cages on sawdust
bedding at temperature 20-22°C and lighting conditions 12/12
h. Work with the animals was in compliance with the Guidelines
and Care and Use of Laboratory Animals (ILAR, DELS). All
the experiments were approved by the Saint Petersburg State

University Ethical Committee for Animal Research (No. 131-
03-10 of 22 November 2021).

Active substances, doses, and administration method:

A suspension of freeze-dried alpha-glutamyl-tryptophan
(GT) and chelate complex of zinc arginyl-glycinate (AG)
preparations (MBNKB “Cytomed JSC”, Russia) was dissolved
in a physiological solution before each experiment.

Doses and methods of administration of the studied active
substances are presented in Table 1.

All the substances under consideration were administered
daily to the test animals in the aforementioned doses intranasally
in acute (single) and chronic (2 weeks daily) experiments in a
volume of 50-200 pl depending on the animal species and the
solubility of the substances under consideration.

Methods for evaluating behavioral indicators.

Circular Open Field Test.

The Open Field (OF) test evaluates locomotor and search
activity indicators, as well as other behavioral changes. The
arena lighting was 600 lux. DAT-KO rats were placed in the
center of the arena for 30 minutes to reach the greatest level
of dopamine in the cerebral striatum (warm-up). Within 30
minutes, the substances under consideration were administered
intranasally in the test doses and the experiment continued for
the next 45 minutes. During both time periods (within 30 and
45 minutes), the total distance run by the animals and divided
by field sectors, speed, trajectory, number of rests, grooming
microstructure, and other behavioral indicators were measured.

Square Open Field Test.

To test the acute effect of the drugs, the Square Open Field test
was used to record motor and inquisitorial activity.

In order to evaluate the chronic effect of the drug, a round arena
was used with 12 holes, each 2 cm in diameter. The arena lighting
was 600 lux. The behavior was recorded for 5 minutes. The motor
activity parameters, such as overall traversed path, motion speed,
and time spent in the center were recorded automatically using the
Noldus Ethovision (Noldus, Spain) video tracking system. Rests
and grooming time were evaluated visually.

Elevated Plus Maze Test.

The anxiety level in the animals was evaluated using Open
Science (Russia) equipment. The Elevated Plus Maze (EPM)

Table 1. Doses, duration of the experiment, and methods of administration of the studied active substances.

Intranasal administration Active substances Rats/mice line

DAT-KO rats
Wistar rats
oT C57B16 mice
TAARI1-KO mice
Acute DAT-KO rats
Wistar rats
AG C57B16 mice
TAAR1-KO mice
AGH+GT TAARI-KO mice
Chronic GT Wistar rats
AG Wistar rats
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Doses, mg/kg body weight ]e)xl;)rez;tilr(r):;r?tf, t(:l:ys
10 1
10, 50 and 100 1
10 1
10 1
10 1
10, 50 and 100 1
10 1
10 1
100 per each 1
50 14
50 14



test made it possible to assess of the degree of the emotional
reaction of fear and anxiety, motor activity, rate of orientation
reactions, and other behavioral changes.

Wistar rats were placed in the center of the arena for 5 minutes.
The anxiety level of the animals was evaluated in the Elevated
Plus Maze test, which makes it possible to assess the degree of
the fear and anxiety reaction and motor activity. Within 5 minutes
of the laboratory animals being in the labyrinth, a determination
was made of the number of transitions from one zone to another,
distance traversed in closed (CA) and open (OA) labyrinth arms
(and their ratio CA/OA, a decrease in which indicates a drop
in anxiety level), number of overhangs in open chutes, number
of entries and time spent in open and closed chutes, grooming
microstructure indicators, etc.

After each animal, the arena was wiped with a sponge
moistened with alcohol.

Light/Dark Transition Test.

The Light-Dark Transition test is conducted to evaluate
the anxiety level of animals. The arena consists of two parts,
each 20 x 20 cm in size, wall height of 20 cm connected by an
opening 5 x 5 cm in size. The bright light intensity was 600 lux.

The black zone has an opaque roof, so it is dark, while the
white zone is brightly lit. The animal was placed in the light
zone and left to freely examine the situation for 3 minutes.
At this time, an evaluation was made of the time spent by the
animals in the light part of the unit, using the Noldus Ethovision
(Noldus, Spain) video tracking system.

Forced Swim Test.

A Porsolt forced swim test [39] was conducted to assess the
depressive-like behavior parameters. The animals were placed
for 6 minutes in a transparent vessel (diameter 10 cm, height 25
cm) filled by 2/3. The duration of swimming and the immobility
(stopping) were recorded.

Evaluating the grooming microstructure indicators.

The grooming microstructure indicators (latency (in s) of the
start of grooming (LG) and total time (in s) spent on grooming
(TGT)) were analyzed visually based on analysis of a video
recording of the Open Field test in slow motion [40].

Grooming analysis also included the depression ratio (DR) —
the ratio of total time spent on grooming to the start of grooming
latency (TGT/LG) [6].

Stress-induced Hyperthermia Test.

The Stress-induced Hyperthermia (SIH) test [1] was designed
to make a screening evaluation of the drugs and their candidates
and was based on measurement (and change) in rectal
temperature caused by the reaction of the autonomic nervous
system to the stress factor (neurogenic hyperthermia). In this
case, an increase or decrease in the rectal temperature indicators
(compared to the control) within 20 minutes and/or 1 hour after
administering the test drugs indicates a stress-induced response
by the autonomic nervous system to the administered substance
and its overall neurotropic effect.

The SIH test was given to Wistar rats with a slight addition
to the technique. Body temperature was measured three times
(thermometer error +£0.1 °C). The temperature of each rat was
measured: t = 0 min (T1), t = +20 min (T2), and t = +60 min

75

(T3). The rectal method of temperature measurement (T1) was
the main stress factor. The difference in temperature (T2 — T1)
was considered the main SIH development value. The difference
in temperature (T3 — T2) was considered the auxiliary SIH
development value. The total temperature difference (T3 — T1)
was also calculated to evaluate the temperature change during
the entire experiment. The experimental rat group received the
aforementioned trace amines, GT, and AG in a dose of 10 mg/kg
intranasally immediately after measuring T1. The control group
received a physiological solution (0.9 % NaCl).

Evaluating the level of cerebral monoamines and their
metabolites.

In order to evaluate the neurochemical parameters in the brains
of the knock-out animals, we determined the monoamine level in
the cerebral tissues of Wistar rats. For this purpose, we measured
the concentration of dopamine, serotonin, noradrenaline, and
their metabolites in different parts of the brain: the striatum
and frontal cortex. Individual cerebral structures were isolated
and then frozen in liquid nitrogen. The frozen samples were
weighed and homogenized in the corresponding volume
of HCIO,, centrifuged, and filtered using centrifuge filters.
Monoamine concentrations were measured in the resulting
samples using highly effective liquid chromatography with
electrochemical detection (HELC-ED) on an Eicom HTEC-
500 chromatograph with carbon electrode WE-3G and potential
+650 mV. Separation used a CA-50DS column (150 x 2.1 mm,
Eicom, Japan). The concentration of the following monoamines
was measured: noradrenaline (NE), dopamine (DA), serotonin
(5HT), homovanillic acid (HVA), 5-indoleacetic acid (5-HIAA),
3,4-dihydroxyphenylacetic acid (DOPAC).

Statistical processing of results.

A statistical analysis was made using non-parametric Mann-
Whitney criteria (U-test) and Kruskal-Wallis (H-test) using the
SPSS 16.0 and Prism GraphPad 6.0 programs. The results were
presented as average values + standard mean error.

Results.

An experiment was conducted on Wistar rats to study the
impact of intranasal administration of GT and AG on different
behavioral indicators (locomotor activity, anxiety level, grooming
microstructure indicators, etc.) in the Elevated Plus Maze test.

No reliable differences were found in the anxiety indicators.
Nevertheless, the average number of rests detected in the Wistar
rat group that received GT intranasally was reliably higher than
in the control group.

The grooming microstructure indicators did not reveal
reliable differences between the Wistar rat group that received
intranasally and the control group. The average grooming
latency values did not reveal any differences between the control
and the studied group.

In the Open Field test, the level of locomotor activity in DAT-
KO rats, in the group that received GT intranasally, was a
reliable increase compared to the control group only at the 50th
minute of the experiment (Figure 1A).

In the group that received AG intranasally, the locomotor
activity indicators changed reliably compared to the control
group in the last 5 minutes of the experiment (Figure 1).
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Nevertheless, in the last 20 minutes of the experiment, a
stable trend was observed towards a drop (by 20-30 %) in the
locomotor activity of the DAT-KO rats in the group that received
AG intranasally compared to the control group.

An experiment was conducted on Wistar rats to study the
impact of intranasal administration of AG and GT on the
neurogenic hyperthermia indicators in the Stress-induced
Hyperthermia (SIH) test. The results of the effect of alpha-
glutamyl-tryptophan on the neurogenic hyperthermia indicators
in Wistar rats with intranasal administration in the SIH test are
given in Figure 1.

Neurogenic hyperthermia, similar to the control group
indicators, was observed with intranasal administration of GT
and AG (T2), however, in the case of GT, this effect occurred
more intensively not only within 20 minutes (T2) but also
within an hour after the start of the experiment (T3) (Figure
1C). It follows from Figure 2D that no reliable difference in
the indicators of the main values (T2 — T1) for development
of neurogenic hyperthermia was found between all the studied
groups. Nevertheless, analysis of the auxiliary SIH indicators
demonstrated a reliable rise in the values (T3 — T2) for GT and
the total temperature change (T3 — T1) for both drugs under
consideration GT and AG.

The grooming microstructure indicators (TGT, DR) and
anxiety did not reveal any reliable differences between the
groups that received GT and AG intranasally and the control
animals.

The study was conducted on C57Bl6 mice. The animals
were given GT and AG preparations in a dose of 10 mg/kg
intranasally. Within 20 minutes after the first administration
to the animals, the Square Open Field, Light-Dark Transition,
Elevated Plus Maze, and Forced Swim tests were conducted
to evaluate the acute effect of the drug. After this, the animals
were given drugs intranasally for 14 days, after which a re-test
was given within 20 minutes after the last administration in the
Square Open Field, Light-Dark Transition, and Forced Swim
tests. After this brain structures were collected from the animals
for subsequent analysis of monoamine level.

In the Forced Swim test, after a single administration of drugs,
a drop was observed in the mean stopping time in the group
that received GT in a dose of 100 mg/kg of body weight. In
the Forced Swim test after chronic administration of the drugs
in a dose of 10 mg/body weight, no changes were observed
in the stopping time, which could indicate the absence of an
accumulative effect.

In the Square Open Field test, the animals did not have any
differences in the traversed path.

The number of rests did not differ significantly. The findings
demonstrated that acute administration of the drugs did not have
a significant effect on the motor and study activity. The time
spent in the central zone also did not differ. In this case, the AG
group had a shorter grooming time, which may indicate a lower
anxiety level.

Thus, during acute and chronic intranasal administration
of drugs GT and AG, the latter showed a change in the
anxiety indicator. With acute AG administration, the animals
demonstrated signs of reduced anxiety and depressive-like
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behavior. Chronic AG administration in the Square Open Field
test showed a slight tendency towards higher anxiety levels.
Here, as in the evaluation of the acute effect of the drugs, a
similar effect was not repeated in other tests.

In the group that received GT in a dose of 100 mg/kg body
weight, a drop was observed in the mean indicators for the
stopping time of changes for the stopping time (Figure 2A).

This confirms results obtained in behavioral tests in an acute
experiment and requires further study of the anti-anxiety effect
of AG.

An analysis was made of the dose-dependent impact of
intranasal administration of GT and AG on the anxiety
indicators in Wistar rats. In the Open Field test, no differences
were detected in the locomotor activity levels in doses 50 and
100 mg of each peptide per kg body weight compared to the
control group (Figure 2A and 2B).

Intranasal AG administration at a dose of 50 mg/kg body
weight reliably reduced the time spent by the Wistar rats in the
labyrinth closed arms, which could indicate a lower anxiety
level (Figure 2C).

This result was also confirmed in the analysis and correlation
of the time spent by the Wistar rats of this group in closed chutes
to the maze’s closed arms (CA/OA, Figure 2D). An analysis was
made of the impact of intranasal administration of GT and AG
on the anxiety indicators in Wistar rats. In the Elevated Plus
Maze test the experimental group animals received the test drugs
in a dose of 100 mg of each per kg of body weight (Figure 3).
Administration of a GT and AG combination reliably elevated
locomotor activity of mice with normal genotype (WT AG +
GT) compared to the control group WT (Figure 3A).

Similar results were obtained for the average and maximum
speed of mice with normal genotype, but not knock-out animals
(Figure 3B and 3C, respectively).

Analysis of behavioral changes was also revealed in the
Elevated Plus Maze test. The average number of overhangs for
knock-out mice that received a GT and AG combination was
reliably lower compared to the mice of normal genotypes that
received both drugs intranasally. Here, the average indicators
for the number of overhangs in mice with normal genotype
obtained with a GT and AG combination intranasally rose
reliably compared to the control group (Figure 3F).

The results of the effect of a GT and AG combination on
TAARI1-KO mice with intranasal administration in the Elevated
Plus Maze test are shown in Figure 3D and 3E. For mice with
genotype TAARI1-KO, that received an intranasal GT and
AG combination, a reliable increase was found in the average
indicators of time spent in the labyrinth OA, which indicates
lower anxiety indicators compared to the control group of
knock-out animals (Figure 3D).

Similar results were obtained in relation to the time spent by
the mice of both genotypes in closed arms to open labyrinth arms
(CA/OA), that received a GT and AG combination intranasally
compared to the control groups (p < 0.05) (Figure 3E).

The findings indicate the positive anxiolytic effect of the GT
and AG combination in a dose of 100 mg of each peptide per kg
of body weight with intranasal administration.

Evaluation of the grooming microstructure indicators (TGT,
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TGT/LG) revealed differences between the wild-type (WT)
groups that received a GT and AG combination and the
control group with knock-out gene 744RI! (KO K) obtained
in the Elevated Plus Maze test (Figure 4). The total grooming
time in the group dropped reliably compared to the wild type
control group (WT control) by approximately 6 times (Figure
4A), which indicates an elevated anxiety level and potentially
depressive-like behavior of knock-out animals compared to the
control group. Here, the intranasal administration of a GT and
AG combination raised the average TGT indicators in knock-
out animals and reduced them in mice with normal genotypes.

However, a trend was observed towards elevated anxiety
levels in the KO control group, which manifested as a decrease
in the average values of the ratio of total grooming time to
the latency of the first grooming act (TGT/LG) in knock-out
animals (depression coefficient [6]). Such differences were not
found in the groups with WT and KO genotypes that received a
GT and AG combination intranasally (Figure 4B).

Thus, a correlation is observed between the mean TGT
indicators, and the time spent by the wild-type (WT) mice in
closed arms to open arms, and a reverse correlation for the
knock-out animals (EPM test).

In order to evaluate the neurochemical parameters in the brain
of Wistar rats that received GT and AG intranasally in a chronic
experiment in a dose of 10 mg/kg body weight/day for 10 days,
the monoamine levels in the cerebral tissues were determined.
For this purpose, we measured the concentration of dopamine,
serotonin, noradrenaline, and their metabolites in different parts
of the brain.
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No reliable changes in the monoamine level were found in the
striatum (Figure 5A) and frontal cortex (Figure 5B) in rats of the
aforementioned.

Discussion.

Since peroral administration of amino acids and peptides
has pharmacological limitations, we chose the intranasal
route of administration. The primary objective of the study
was to analyses effect of a chelate complex of zinc arginyl-
glycinate and alpha-glutamyl-tryptophan on behavioral and
neurochemical changes following acute and chronic intranasal
administration, as we hoped to obtain evidence of a direct effect
of the studied substances in the “nose-to-brain" projection. The
conducted behavioral studies revealed the anxiolytic effect
(lowered anxiety states) of alpha-glutamyl-tryptophan, chelate
complex zinc arginyl-glycinate, and their combinations when
administered intranasally.

Both drugs under consideration (AG and GT) have a
physiological effect (neurogenic hyperthermia) on the
autonomic nervous system. In this case, a single intranasal AG
administration in a dose of 10 mg/kg body weight demonstrated
signs of lower anxiety and depressive-like behavior in C57Bl16
mice in various behavioral tests. Thus, the intranasal form of zinc
arginyl-glycinate and its combinations with GT in large doses
may be used for pre-clinical studies as a new antidepressant and/
or anxiolytic. The findings indicate a positive anxiolytic effect
of a combination of GT and AG in a dose of 100 mg of each
peptide per kg of body weight with intranasal administration.
Thus, during acute and chronic intranasal administration of



drugs GT and AG, the latter showed a change in the anxiety
indicator. Acute AG intranasal administration demonstrated
signs of lower anxiety and depressive-like behavior in C57BI16
mice.

In the Forced Swim test, a hypothetical antidepressant effect
was found in GT intranasal administration in a dose of 100 mg/
kg body weight in Wistar rats. However, the average number
of rests detected in the Wistar rat group that received GT
intranasally was reliably higher than in the control group, which
could indicate the higher search activity in these animals.

Studying the AG effect on grooming macrostructure indicators
did not reveal reliable differences between the control and
experimental groups. In the last 20 minutes of the experiment,
a stable trend was observed toward a drop (by 20-30 %) in the
locomotor activity of the DAT-KO rats in the group that received
AG intranasally. A decrease was revealed in the CA/OA ratio in
the Elevated Plus Maze test indicating lower anxiety indicators
in the group of rats that received AG in a dose of 10 mg/kg body
weight compared to the control group.

Acute intranasal GT and AG administration to Wistar rats
showed a reliable elevation in auxiliary SIH values (T3 — T2)
for GT and of overall temperature change T3 — T1 for both test
drugs in the Stress-induced Hyperthermia test. In the case of
GT, the increasing effect of neurogenic hyperthermia continued
not only within 20 minutes (T2) but also within an hour after
the experiment started (T3). Thus, GT and AG drugs have a
pronounced physiological effect (neurogenic hyperthermia) on
the autonomic nervous system, however, determination of their
operating mechanisms requires further research.

A direct correlation was observed between the average TGT
indicators, and the time spent by the wild type (WT) mice in
closed arms to open arms (EPM test) and a reverse correlation in
TAARI1-KO knock-out mice and a trend towards higher anxiety
levels in the mice group that received a GT and AG combination
intranasally.

Conclusion.

Thus, the conducted behavioral studies revealed the anxiolytic
effect (lowered anxiety states) of alpha-glutamyl-tryptophan,
chelate complex zinc arginyl-glycinate, and their combinations
during acute and chronic intranasal administration. Acute AG
intranasal administration demonstrated signs of lower anxiety
and depressive-like behavior in C57Bl6 mice.

Both drugs of a chelate complex zinc arginyl-glycinate and
alpha-glutamyl-tryptophan with intranasal administration, as
well as their composites, are promising for further preclinical
studies as anxiolytics and antidepressants.
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