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Antidrug effects of GTS201 dipeptide, an imitation
of the second bird BDNF, in morphine-addicted rats
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Tatiana A. Gudasheva

Zakusov Institute of Pharmacology, Moscow, Russia

Abstract

BACKGROUND: The V.V. Zakusov Research Institute of Pharmacology developed hybrid digital sensors for the first, second, and
fourth BDNF patches (GSB-214, GTSB-201, and GSB-106, respectively). When tested in vitro, on an oxidative stress model, in the
culture of hippocampal neurons NT-22, the compound GTS201 (hexamethylenediamide bis-hexanoyl-seryl-lys), a simulator of
the 2" series of BDNF, activates the TrkB spy receptor and MAPK/Erk kinase pathway but does not affect the PI3K/Akt signature
pathway and has neuroprotective activity similar to BONF.

AIM: To study the effect of GTS-201 dipeptide on the behavior of laboratory white rats during the formation of their dependency
state and morphine withdrawal syndrome.

MATERIALS AND METHODS: Morphine dependence in rats was developed due to administration of morphine in a doses
escalation manner ranging from 10 to 20 mg/kg twice daily at 8-h intervals for 5 days. GTS-201 was given in 1- or 5-mg/kg
doses for once in 30 minutes before morphine on the 5" day of the experiment or daily (in one of the groups) for 5 days
in the morning 30 minutes before morphine administration. On the 5 day of the experiment, animals were tested for the
presence of specific signs of morphine withdrawal syndrome in an “open field” for 5 minutes. Four experimental groups
were formed: group 1 “morphine hr. + naloxone” (“active control” group); group 2 “morphine hr. + GTS-201 (1) + naloxone”;
group 3 “morphine hr. + GTS-201 (5) + naloxone”; and group 4 “morphine hr. + GTS-201 (1 x5) + naloxone.” Designations:
hr. — morphine administration within 5 days; (1) and (5) — doses of substances in mg/kg, (1x5) — chronic administration
of the peptide for 5 days.

RESULTS: When studying the effect of GTS-201 dipeptide on behavioral, somatic, and neurological markers of animal behavior
after morphine withdrawal, significant changes in the severity of individual signs of withdrawal syndrome were noted.
Manifestations of diarrhea were significantly decreased in all groups of animals injected with the peptide. In animals from
group 3, “morphine hr. + GTS201 (5) + naloxone showed the maximum effect: diarrhea was decreased by 71.0% (p < 0.001),
convulsions were decreased by 83.3 % (p < 0.05), running was decreased by 71.4% (p < 0.01), and vocalization was decreased
by 62.5% (p < 0.05). GTS-201, administered at a dose of 1 mg/kg once, eliminated the appearance of escape attempts in group
2, but the peptide at the same dose completely blocked convulsive reactions in rats in group 4. Despite significant changes
in individual indicators, the total index (of morphine withdrawal syndrome for groups chronically injected with morphine) did
not change statistically significantly compared with group 1 of “active control.” In the control group, its value in points was
7.3 + 0.36 (100%), whereas in groups 2-4, it ranged from 6.2 (84.9%) to 6.5 (89.0%; p > 0.05).

CONCLUSIONS: It is assumed that the antiaddictive dipeptide activity of GTS-201 is mediated by activation of these receptors
and markers/the Erk-kinase signaling pathway, which does not exclude the involvement of opioid receptor mechanisms in the
implementation of the observed behavioral phenomena.
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AHTuHapkoTuyeckue acdektol gunentupa NMC-201,
MuMeTuKa 2-u netnu BDNF, y kpbic, 3aBUCUMBIX
oT MoptuHa

M.A. KoHcTanTtuHononsckui, J1.I0 Konuk, U.B. YepHsikosa, H.M. Ca3oHoBa, TA. [yaalesa

HayuHo-uccnenoBatenbekuii MHCTUTYT dapMakonoruv uM. B.B. 3akycoBa, Mocksa, Poccus

AnHomayus

AktyanbHocTtb. B HUW dapmakonorum umenn B.B. 3akycoBa Obinn co3aaHbl AMNENTUAHbIE AUMEPHbIE MUMETUKM 1-i, 2-i
u 4-in netnm BDNF — TCB-214, 'MC-201 u ICh-106 cooteTcTBEHHO. BbiNno nokasaHo, 4to coeanHenue 'MC-201 (rekcameTn-
neHanammp, buc-rexcaHoun-cepun-nusuHa), MuMeTuk 2-i netn BDNF, aktusmupyet cneunduyeckuit peuentop TrkB u MAPK/
Erk-KuHa3HbIi NyTb, He BAMSET Ha curHanbHbi nyTb PI3K/Akt n 0bnasaeT HeMpoNpOTEKTOPHOW aKTUBHOCTbIO, aHANOTMYHO
BDNF B onblITax in vitro Ha MOLENW OKUCAUTENBHOMO CTPECCa B KySbType rMnnoKaMnasbHbIX HelpoHoB inHumn HT-22.

Lenb — n3yuntb BamsHue gunentuga MMC-201 Ha noBefeHve nabopaTopHbiX BenbiX KpbIC B NpoLecce GOpMMPOBaHMUSA Y HUX
COCTOSIHMS 3aBUCMMOCTU M CMHAPOMA OTMEHBI MOpUHa.

MeToabl. 3aBucMMOCTb OT MOpUHA Y KpbIC BbipabaTbiBany BBeAeHMeM MopduHa B BospacTaiolumx Ao3ax ot 10 no 20 Mr/kr,
2 pasa B [ieHb, C UHTepBasioM 8 u, B TeyeHme 5 cyT. [TC-201 B po3ax 1 unm 5 Mr/Kr BBoAMIM ofHOKpaTHO 3a 30 MMH [0 Mop-
GuHa Ha 5- [eHb 3KCMepuUMeHTa WK eXKedHEeBHO (B OAHOW M3 rpynn), B TedeHWe 5 AHelt yTpoM 3a 30 MMH [0 BBEde-
HWA MopduHa. TecTMpoBaHME XUBOTHBIX HA HanMume cneuuduyYeckux MpU3HaKoB CUHAPOMA O0TMeHbl MopduHa NpoBOLMIM
Ha 5-1 [eHb OMbiTa B TEYEHME 5 MUH B «OTKPLITOM Mofe». bbiin chopMupoBaHbl 4 3KCMEpUMEHTaNbHbIE TPYNMbl: rpynna
1 (rpynna aKTMBHOIO KOHTPOAS) — «MOPQUH Xp. + HANOKCOH»; rpynna 2 — «MopguH xp. + ['TC-201 (1) + HanoKcoH»; rpyn-
na 3 — «MopduH xp. + ITC-201 (5) + HanoKcoH»; rpynna 4 — «mop@uH xp. + [TC-201 (1x5) + HanokcoH» (0b03HaueHus:
Xp. — BBeAeHWe MopduHa B TeueHue 5 aHelt; (1) u (5) — mo3bl BewwecTs B MI/K, (1 x 5) — XpoHuYecKoe BBefeHMe NenTuaa
B TEUEHWUW 5 JHEN).

Pe3synbtartbl. [1pu u3yyeHumn enusaHusa gunentuga [MC-201 Ha noBefeHYeCKWe, COMATUUECKME U HEBPOSIOrMYECKUe NOKa3aTenu
NOBEJEHNUSA UBOTHBIX NOC/E OTMEHBI MOP(UHA ObIIM 0TMEYEHBI 3HAUMMbIE U3MEHEHMS BbIPAXEHHOCTU OTAEMbHBIX NPU3HAKOB
CMHApPOMa OTMeHbI. [1posiBNeHMs auapem CyLLecTBEHHO YMEHBLUIAMCH BO BCEX MPYMMaX XUBOTHbIX, KOTOPLIM BBOAUAM NENTUA.
Y JKMBOTHBIX M3 rpynnbl 3 Obin 0TMEYeH MaKcUManbHbI 3QdeKT: aAuapes cHuxanack Ha 71,0 % (p < 0,001), cynoporn —
Ha 83,3 % (p < 0,05), berctBo — Ha 71,4 % (p < 0,01), Bokanu3saums — Ha 62,5 % (p < 0,05). B rpynne 2 'TC-201, BBogMMbIii
B fio3e 1 Mr/Kr ofHOKpaTHO, NONTHOCTBIO YCTPaHAN NOSBNIEHUE NOMLITOK BercTBa, B T0 BPEMS KaK B rpynne 4, Npy XpOHUYECKOM
BBEEHWM, NENTUL, B TOM e 036 MOJHOCTbH BNOKMPOBan CYAOpOXHbIE peakumm y Kpbic. HecMoTps Ha 3HauMMble U3MeHe-
HWS OTAENbHBIX MOKa3aTesnen, CYMMapHbIA MHAEKC CUHAPOMA OTMeHbI MOpdUHa 1S FpYNM, KOTOPbIM XPOHWYECKU BBOLMIMN
MOpP®WH, He M3MEHANCA CTaTUCTUHECKM 3HAYMMO B CPaBHEHUM C rpynnoii 1 aKTMBHOTO KOHTpONA. B KOHTpombHOM rpynne ero
3Ha4eHue coctauno 7,3+0,36 6anna (100 %), Torna Kak B rpynnax 2, 3, 4 — ot 6,2 (84,9 %) po 6,5 (89,0 %) 6anna, p > 0,05.
3akuitouenue. [pennonaraetcs, uto 0b6HapyeHHas aHTUAaAOMKTMBHAsA akTUBHOCTb avnentuaa [TC-201 moxeT bbiTb onoc-
penoBaHa aktuBaumen TrkB-peuentopos u MAPK/Erk-kuHasHoro curHanbHoro nyTu, YTo He UCKIOYaeT y4acTus ONMOMUaHbIX
peLenTopHbIX MEXaHU3MOB B peann3aLm 0TMEYEHHBIX NOBeEHYECKUX HEHOMEHOB.

KnioueBbie cnosa: onvronentuasl; [MC-201; BDNF; MopduH; 3aBMCMMOCTb; CUHAPOM OTMEHBI.
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BACKGROUND

Previously, at the V.V. Zakusov Research Institute of
Pharmacology, dipeptide dimeric mimetics of loops 1, 2,
and 4 of the brain-derived neurotrophic factor (BDNF)
were created, namely, bis-monosuccinyl-methionyl-serine
heptamethylenediamide (GSB-214), bis-hexanoyl-seryl-lysine
hexamethylenediamide (GTS-201), and bis-monosuccinyl-
seryl-lysine hexamethylenediamide (GSB-106), respectively.
Studies have found that GTS-201, a mimetic of BDNF loop 2,
activates the specific receptor TrkB and the MAPK/Erk kinase
pathway, does not affect the PI3K/Akt signaling pathway,
and has neuroprotective activity similar to BDNF in in vitro
experiments, in an oxidative stress model, and in the culture
of HT-22 line hippocampal neurons [1, 2].

For the first time, this study examined the effect of
the dipeptide GTS-201 on various behavioral indicators of
laboratory white rats during the development of dependence
and withdrawal syndrome (WS) of morphine. Data were
compared with the corresponding indicators for GSB-
106, one of the promising and previously studied peptide
compounds, in terms of possible correction of opiate
addiction [3, 4].

This study aimed to investigate the effect of GTS-201 on
various behavioral indicators of laboratory white rats during
the development of dependence and WS of morphine.

RESEARCH METHODS

The experiments were performed on 80 outbred male rats
weighing 240-260 g. The animals were obtained from the
Stolbovaya nursery. Before the start of the experiment, they
were kept for 1 week in standard plastic cages, with eight
rats each, in a vivarium under natural light and air tempera-
ture of 21-23°C. Granulated food and water were given ad
libitum.

The experiments were performed in accordance with the
requirements imposed in the Order of the Ministry of Health
of the Russian Federation dated April 1, 2016, No. 199n “On
approval of the Rules of Good Laboratory Practice” and Deci-
sions of the Council of the European Economic Union No. 81
“On approval of the Rules of Good Laboratory Practice of
the Eurasian Economic Union in the Area of Circulation of
Medicines.” All animal procedures were approved by the bio-
ethical commission of the V.V. Zakusov Research Institute of
Pharmacology, with the decision of the ethical committee in
Protocol No. 7 of May 16, 2022.

To reduce the stress level and adapt to the experimental
conditions, the animals were subjected to a handling proce-
dure for 3-4 days before the experiment started. One day
before the start of the experiment, the rats were placed in
an experimental room with natural lighting changes and air
temperature maintained within 23 + 1.0°C. The animals were
weighed every other day for 12 days, starting from day 1
of the administration of morphine and GTS-201. The average
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bodyweight changes in groups were calculated according to
the number of days of the experiment.

Morphine hydrochloride was administered in doses of
10-20 mg/kg, and p-opioid receptor agonist (Chimkent
Pharmaceutical Plant), naloxone hydrochloride, an antag-
onist of p-opioid receptors (DuPont DeNemours Int. S.A,,
Switzerland), was injected at a single dose of 1 mg/kg to
provoke WS of morphine. GTS-201, hexamethylenediamide
bis(N-hexanoyl-L-seryl-L-lysine), a mimetic of BDNF loop
2 (V.V. Zakusov Research Institute of Pharmacology), was
administered in doses of 1 and 5 mg/kg. The substances
were dissolved in distilled water and administered extem-
pore intraperitoneally at a dose of 1 mL/1 kg of animal
bodyweight.

Four experimental groups were formed: group 1 received
chr. morphine + naloxone (active control group), group 2
received chr. morphine + GTS-201 (1) + naloxone, group 3
received chr. morphine + GTS-201 (5) + naloxone, and group
4 received chr. morphine + GTS-201 (1 x 5) + naloxone (where
chr. indicated the administration of morphine for 5 days; (1)
and (5) were doses of substances in mg/kg, (1 x 5) indicated
chronic administration of the peptide within 5 days).

Morphine addiction was induced in rats according to a
previously developed scheme, i.e., morphine was adminis-
tered in increasing doses, from 10 to 20 mg/kg, two times
a day, with an interval of 8 h, for 5 days [5]. GTS-201 was
administered in single doses of 1 or 5 mg/kg 30 min before
morphine administration on day 5 of the experiment or daily
in one of the groups for 5 days in the morning 30 min before
morphine administration. The animals were assessed for the
presence of specific signs of morphine WS on experiment
day 5 for 5 min in an “open field” (lit round arena) 15 min
after the administration of the opiate receptor antagonist nal-
oxone. The control group received daily injections of distilled
water for 5 days according to the same regimen as animals
from the experimental groups; they received naloxone at a
dose of 1 mg/kg on day 5 of the experiment, before test-
ing. Behavioral reactions, namely, locomotor activity, stances,
grooming, defecation, and specific signs of morphine WS
(up to 18 indicators), were registered in all groups. Discrete
signs of withdrawal (such as diarrhea and episodes of shak-
ing and grinding of teeth) were assessed quantitatively and
alternatively, and the rest were evaluated in an alternative
form, according to the “yes/no” principle. The total index (TI)
of WS severity for each animal and the average values for
the experimental and control groups were calculated based
on alternative signs with the maximum possible Tl value of
18 points. The average value of the WS severity in group 1
was 100%.

To assess the effect of GTS-201 on the behavior of
morphine-dependent rats in the elevated plus maze (EPM)
test, a standard configuration was used, with an arm length
of 50 cm, width of 14 cm, central platform of 14 x 14 cm,
and height of sides of closed arms of 15 cm. At 24 h after
the withdrawal of morphine injections, standard behavioral
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indicators were recorded for 5 min, namely, the number of
entries into the open arms, time spent in the open arms in
seconds, and number of entries into the closed arms.

Tactile thresholds were assessed in rats using the von
Frey test using a standard set of filaments from Ugo Basile
(Italy), which can exert graded pressures on the plantar
surface of the hind paws of rats. Each measurement with
a separate filament was performed at least three times, the
animals’ response to pressure was assessed, and strength
was presented in grams. For each group, tactile thresholds
were measured at baseline, before the use of substances,
and 24 h after morphine withdrawal and last administration
of the GTS-201 dipeptide.

Statistical analysis was performed using the analysis of
variance (ANOVA) test, Mann—-Whitney U-test, and Duncan
test to compare differences between the groups. Data were
presented as mean values + error of the mean (m + SEM),
as well as percentage relative to the initial level of values
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in each test. Data with p values < 0.05 were assessed as
statistically significant.

RESEARCH RESULTS AND DISCUSSION

Changes in animal bodyweights were recorded by
groups for 12 days. Statistically significant changes in this
indicator were noted from day 5, from the start of morphine
administration. In groups 1 and 2 by this day, the average
decrease in bodyweight was 11% (p < 0.05) from the initial
level. After morphine withdrawal, on day 7 of the experiment,
the maximum decreases in bodyweights in groups 1, 2, and 3
were 17.8%, 16.9%, and 14.6%, respectively (p < 0.01). When
administered chronically, GTS-201 blocked a decrease in
bodyweight in morphine-dependent rats in group 4 (Table 1).

Tactile thresholds in rats were markedly reduced in
all groups after morphine withdrawal. However, after the
administration of GTS-201, a partial restoration of tactile

Table 1. Weight changes of rat body after administration of morphine and GTS-201 compound (m + S.E.M.)
Ta6nuua 1. 3MeHeHue Macchl Tena Kpbic Nog BnsHUEM MopduHa 1 coeamntenns [TC-201 (m + S.EM.)

Bodyweight of rats (g) in the experimental groups
ex?)ae);?moefnt Group 1 Group 2 Group 3 Group 4

gram % gram | % gram % gram %
1 273.5+4.9 100 282.5+2.5 100 272.0+4.6 100 283.0+£3.3 100
3 260.5+£6.2 95.2+14 271.5+3.6 96.1+£1.4 261.5+3.9 96.2+1.4 2712.5+5.6 96.2+1.2
5 243552 890°+0.6  251.5+2.1 89.0°+0.5 254.5+4.6 93.5+£0.9 261.0+6.7 92117
7 2268+43 82.27+11  23k7+23  83.17+09  2323+3.8 85.47+12  26h6+hLé 93.5%+1.5
12 266.4+48  974+13 2713.2+18 96.7+0.8 263.8+4.2 970+0.9 27719+3.9 98.2+1.3

Note. *P < 0.05; **P < 0.01 when comparing bodyweight values on days 5 and 7 with values on day 1 of the experiment. #P < 0.05 when comparing
groups 1 and 4 on day 7 of the experiment. The groups are described in the Methods section.

lMpumeyarue. "P < 0,05; “P < 0,01 npn cpaBHeHWN BEAMUMH Macchl Tena B 5-if U 7-if AHM C 3HaueHnaMmn B 1-it fieHb 3xcnepumenTa. *P < 0,05
npu cpaBHeHuw rp. 1 v rp. 4 B 7-1 feHb aKkcnepuMeHTa. OnucaHue rpynn cM. B pasaene «MeTobl ucciefioBaHuMs».

Table 2. Tactil thresholds changes in morphine-depended rats in von Frey's test (m + S.E.M.)
Tabnuua 2. VaMeHeHWst TaKTUIbHBIX MOPOroB Y MopUH-3aBUCUMBIX KpbIC B TecTe von Frey (m + S.E.M.)

Baseline values After withdrawal
Experimental groups
Gram % Gram %
Group 1 0.72+0.06 100 0.05+0.005 7.67£0.93
P =0.004"
Group 2 0.82+0.09 100 0.18+0.04 25.56+704
P=0.02* P=0.02*
Group 3 0.88+0.06 100 0.17+0.03 20.10+2.70
P=0.02* P =0.004*
Group 4 1.02+0.14 100 0.13+£0.03 12.47 +1.98
P=0.01* P=0.04*

Notes. *P < 0.05; #P < 0.01 between the initial values of tactile thresholds and their values after morphine withdrawal; "P < 0.05; “P < 0.01 between
the values of tactile thresholds for group 1 in comparison with the morphine-dependent groups receiving GTS-201. The ANOVA test, Mann—Whitney
U-test, and Duncan test were used to compare between-group differences.

lMpumeuarus. *P < 0,05; #P < 0,01 Mexay ncXoaHLIMIA BENIMUMHAMM TaKTWIIbHBIX MOPOTOB U MX 3HAYEHUSIMI NIOCe OTMeHbI MopdmHa; P < 0,05;
"P < 0,01 Mex [y BefMYMHAMN TaKTWIbHbIX NOPOroB ANs rpynnbl 1 B CpaBHEHWM C rpynnaMi MOpdUH-3aBUCUMBIX JKUBOTHBIX, NOMYYaBLUMX [N-
nentug 'TC-201. Tect ANOVA, Mann—Whitney U-test u Duncan test ans cpaBHeHWs pasnuuuii MeXay rpynnamu.

DOI: https://doiorg/ 10.17816/phbn567968



HISTORY

thresholds was note, most pronounced for group 2 at 25.6%
(p < 0.05) and group 3 at 20.1% (p < 0.01) and to a lesser
extent for group 4 at 12.5% (p < 0.05) of the initial values.
These values were statistically significantly different from the
average threshold values in group 1 (control) (Table 2).

When studying the effect of GTS-201 on the behavior
of morphine-dependent rats in the EPM test, no significant
differences in the number of entries into open arms and
the time spent in them were noted between active control
group 1 and group 2. A moderately pronounced tendency was
noted toward a decrease in these indicators when comparing
groups 1 and 3 (p = 0.1) (Table 3).

When studying the effect of GTS-201 on behavioral,
somatic, and neurological indicators of animal behavior
after morphine withdrawal, significant changes in the
pronouncement of individual signs of WS were noted. The
incidence of diarrhea decreased significantly in all groups
that received the peptide. In group 3, the maximum effect
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was noted, that is, diarrhea decreased by 71.0% (p < 0.001),
convulsions by 83.3% (p < 0.05), escape attempts by 71.4%
(p < 0.01), and vocalization by 62.5% (p < 0.05). In group 2,
GTS-201, which was administered at a single dose of 1 mg/kg,
eliminated completely escape attempts, whereas in group 4,
the same dose of peptide administered chronically arrested
completely convulsive reactions in rats. Despite significant
changes in individual parameters, the Tl of morphine WS for
the groups that received morphine chronically did not change
statistically significantly compared with that in the active
control group, with values of 7.3 + 0.36 points (100%) in the
control group and 6.2—6.5 points (84.9%—89.0%) in groups 2,
3, and 4 (p > 0.05; Table 4).

CONCLUSION

The ability of GTS-201, a bis(-N-hexanoyl-L-seryl-L-
lysine) hexamethylenediamide, a BDNF loop 2 mimetic, to

Table 3. Effect of dipeptide GTS-201 on behavior of morphine-depended rats in elevated plus maze test (m + S.EM.)
Tabnuua 3. Bnusnme gunentuaa MMC-201 Ha noBeaeHMe 3aBUCUMBIX OT MOPGMHA KPbIC B TECTE NPUNOAHATONO KpecToobpasHoro labupuHTa

Time spent in open arms (s) Entries into closed arms

(m+S.EM)

Groups of animals Entries into open arms
Group 1 2.4+0.74
Group 2 2.0£0.39

P=0.58"
Group 3 1.1£0.27
P=0.10"; 0.22¢

25.2+7.20 4.30.96
27.615.90 3.7¢0.75
P=077 P=0.58
11.6+3.37 3.5+0.54
P=0.10"; 0.14* P=0.507; 0.85*

Note. Statistical differences between and within each group were not significant.
[Mpumeyanue. CraTUCTUHECKME Pa3NINUMA MEXAY W BHYTPU KAXKAOW rpynnbl He Bbiin 3HAaUUMbL.

Table 4. Effect of dipeptide GTS-201 on behavior indexes of withdrawal syndrome of morphine in rats (m + S.E.M.)
Tabnuua 4. Bansiiue gunentupa I'TC-201 Ha noBeseHYECKWE NOKA3aTeNn CMHAPOMa OTMeHbI MopdUHa y Kpbic (m + S.E.M.)

Experimental groups
Behavioral traits

Group 1 Group 2 Group 3 | Group 4

Morphine WS index 7.3£0.36 6.5+0.36 6.2+0.48 6.410.47
P=0.45ns. P=0.48ns. P=0.19 ns.

Diarrhea 3.1+0.27 2.1+0.36" 0.9+0.48™ 1.6+0.47"
Posture 0.5+0.16 0.9+0.18 0.8+0.13 0.8+0.13
Ptosis 0.7+0.12 0.6+0.14 0.8+0.13 0.3+0.12
Piloerection 0.8+0.13 0.7+0.16 0.9+0.16 0.8+0.13
Rhinorrhea 0.4+0.10 0.0+0.0 0.4+0.12 0.7+0.14
Dyspnea 0.8+0.13 0.9+0.16 0.9+0.16 0.9+0.16
Writhing 0.4+0.12 0.3+0.12 0.2+0.12 0.1£0.1
Convulsions 0.6+0.16 0.3+0.1 0.1+0.11° 0.0+0.0”
Escape attempts 0.720.16 0.0+0.0" 0.2+0.12" 0.720.14
Bokanu3sauus 0.8+0.13 0.8+0.14 0.3£0.14 0.6+0.12

Notes. P < 0.05; "P < 0.01; P < 0.001 between the values of behavioral indicators for group 1 in comparison with those for the morphine-
dependent group receiving GTS-201. ANOVA test, Mann—-Whitney U-test, and Duncan test were used to compare between-group differences.
WS, withdrawal syndrome; n.s., not significant.

Ipumeuarue. "P < 0,05; “P< 0,01; ""P < 0,001 Mexay BenvumMHaMK NOBeIEHYECKMX NOKa3aTenel AN rpynnkl 1 B CpaBHEHUM C STUMY MOKa3aTeNaMu
Ans rpynn MopUH-3aBUCUMBIX KWBOTHBIX, noydyaBlumx aunentug [MC-201. Tect ANOVA, Mann—Whitney U-test u Duncan test ans cpaBHeHus
pasnuunii Mexay rpynnamu. CO — cUHAPOM OTMeHbI; H.A. — He JOCTOBEPHbI.
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VICTOPUA GAPMAKOIION

influence somatic, behavioral, and neurological signs of
morphine dependence was examined using laboratory rats.
In the EPM test, GTS-201, which was administered at a dose
of 5 mg/kg, showed a moderate tendency (p = 0.1) to reduce
the number of entries and time spent in the open arms of
the maze. The ability of GTS-201 to eliminate or reduce
the incidence of certain manifestations of morphine WS in
rats, such as diarrhea, vocalization, attempts to escape,
and convulsions, has been demonstrated. The single-dose
peptide in doses of 1 or 5 mg/kg restored partially the level
of tactile threshold in rats, which was reduced after morphine
withdrawal. GTS-201, which was administered chronically
to animals at a dose of 1.0 mg/kg, restored bodyweight
decreases caused by morphine withdrawal. Despite the
changes in individual indicators, the TI of morphine WS for
different experimental groups did not differ statistically
significantly when compared with that of the active control
group. A comparison of the results obtained from studying
GTS-201 with the corresponding previously presented data
for GSB-106, the BDNF loop 4 mimetic, showed a noticeable
advantage of the latter in reducing the incidence of behavioral
manifestations of morphine WS in rats. Thus, the detected
anti-addictive activity of GTS-201 may be mediated by the
activation of TrkB receptors and the MAPK/Erk kinase
signaling pathway, which does not exclude the participation
of opioid receptor mechanisms in the implementation of the
registered behavioral phenomena.
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