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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 C57Bl6 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 C57Bl6 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 (TAAR1) is a G-protein 
coupled receptor (GPCR) that is expressed in the monoaminergic 
regions of the cortex, limbus, and mesencephalon [7-15]. 

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, TAAR1 
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 5-HT1A 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 SLC6A3 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.

α-Glutamyl-tryptophan (GT) is a synthetic peptide 
immunomodulatory. The drug modulates metabolic processes 
in the cells; stimulates the functional activity of immune system 
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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 β-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 
C57Bl6 mice (n=16). During all the experiments, the rats and 
mice were kept in groups of 6–8 individuals in cages on sawdust 
bedding at temperature 20–22°С 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 µl 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) 

Intranasal administration Active substances Rats/mice line Doses, mg/kg body weight Duration of the 
experiment, days

Acute

GT

DAT-KO rats 10 1
Wistar rats 10, 50 and 100 1
C57Bl6 mice 10 1
TAAR1-KO mice 10 1

AG

DAT-KO rats 10 1
Wistar rats 10, 50 and 100 1
C57Bl6 mice 10 1
TAAR1-KO mice 10 1

AG+GT TAAR1-KO mice 100 per each 1

Chronic GT Wistar rats 50 14
AG Wistar rats 50 14

Table 1. Doses, duration of the experiment, and methods of administration of the studied active substances.
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(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 HClO4, 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).

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 



76

Figure 2. Distance (A) and velocity (B) traversed by Wistar rats that received different doses of alpha-glutamyl-tryptophan (GT) and zinc arginyl-
glycinate (AG) intranasally in the Open Field test, time spent in closed (CA) and open (OA) arms (C) and ratio of time CA/OA (D) spent by the 
Wistar rats in the labyrinth and received a combination of AG and GT in the Elevated Plus Maze test. Data are expressed as mean ± SEM. * — p 
< 0.05 in relation to the Control group, non-parametric Kruskal-Wallis criterion (H-test).

Figure 1. Dynamics of changes in the locomotor activity of DAT-KO rats that received alpha-glutamyl-tryptophan (A) and zinc arginyl-glycinate (B) 
intranasally in the Open Field test and change in autonomic nervous system indicators (C and D) in Wistar rats in the Stress-induced Hyperthermia 
test. Data are expressed as mean ± SEM. * — p < 0.05 compared to the control group, non-parametric Mann-Whitney criterion (U-test).
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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 

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 
TAAR1-KO mice with intranasal administration in the Elevated 
Plus Maze test are shown in Figure 3D and 3E. For mice with 
genotype TAAR1-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, 



78

Figure 3. Distance (A), velocity (B) and acceleration maximum (C) traversed by TAAR1-KO mice in the Open Field test and time spent by TAAR1-
KO mice in closed (CA) and open (OA) labyrinth arms (D) and their correlation (E), and average number of overhangs (F) that received a GT and 
AG combination intranasally in the Elevated Plus Maze test. Data are expressed as mean ± SEM. * — p < 0.05 compared to the control group, 
Kruskal-Wallis criterion (H-test).

Figure 4. Total grooming time (A) and correlation of total grooming time to latency of first grooming act (B) in TAAR1-KO mice that received a 
combination of alpha-glutamyl-tryptophan (GT) and zinc arginyl-glycinate (AG) intranasally in the Elevated Plus Maze test. Data are expressed 
as mean ± SEM. * — p < 0.05 compared to the control group (WT), Kruskal-Wallis criterion.
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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 TAAR1 (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.

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 C57Bl6 
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 

Figure 5. Average monoamine levels in the striatum (A) and frontal cortex (B) of Wistar rats that received alpha-glutamyl-tryptophan (GT) and 
zinc arginyl-glycinate (AG) intranasally. The concentrations are presented in ng/mg of tissue. Data are expressed as mean ± SEM.
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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 C57Bl6 
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 
TAAR1-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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