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Pesome. JleueHue mocneacTBuil yepermHo-mMo3roBoil TpaBMbl (UMT) ocTaeTcsd omHOW M3 aKTyaIbHBIX
npo0aeM COBpeMEHHON MenuluHbl. g noBbiieHus 3(HEKTUBHOCTU JEYEHUS NOCTTPABMATUYECKUX OC-
JIOXXHEHUI PEKOMEHAYIOT pa3jiMyHble Mpenaparsl, 00JagalolIuX HEUPOMPOTEKTOPHON U HelipopenapaTuB-
HOI aKTUBHOCTHIO, B TOM UKCJIE TIENITU/ C HEMPOMOIYJIITOPHOU akTUBHOCTHIO Cemakc (Semax).

Llenp HacTOS1IETO UCCIIENOBAHUS — ONPENEIUTh HATMYUE HEMPO- U UMMYHOIIPOTEKTOPHBIX CBOMCTB Yy CUH-
Tetuyeckoro nentuaa PRS, coctaBieHHOro u3 ¢hparMeHTOB MPOJIUH-00TraThiX aHTUMUKPOOHBIX TTENTHU/IOB.

Pa6GoTa BbITIONIHEHA Ha KpbIcax-camilax mopoabl Wistar maccoit 300-350 1. B kauecTBe Moaenu MexaHuue-
CKOI TpaBMBI TOJIOBHOTO MO3Ta MCITOJIb30BaIM MOJIE/Tb «ITafaloIIeTo Ipy3a», B COOCTBEHHOM MOIN(PUKAITAN,
BBI3BIBAIOIIYI0O B OCHOBHOM AU dy3HOE MOBpexIeHue Mo3ra. MCcroib30Baaid CUHTE3UPOBAHHBIN MENTU
PR5, cocraBieHHbI U3 (HparMeHTOB U3BECTHBIX MPOJUH-00TATHIX NENTUIOB HEUTPODUIOB XKUBOTHBIX, U
MEeNTUIHBIN mpenapaT Semax B Buae 1%-Horo BogHoro pactBopa. [Ipemnapatbl BBOAMIN MHTPpaHA3aIbHO Ye-
pe3 1 yac mocne UYMT, 3arem 2 pasza B neHb B TeueHue 4 queii B mo3e 100 mxr/Kr macchl Tena. KoHTpoabHbIe
JKMBOTHBIE, KOTOPbIE TOTy4Yanu (hU3NOJIOTUIECKUN paCTBOP B TOM XK€ PEeXUMeE, YTO W TEeTITUIHbIE Tperia-
paThi.

UMT npuBoauia K 3HAUMMOMY CHUDKEHUIO Macchl Tesa Ha 14-e cytku nocie YMT, oqHako y KphIc, TTO-
JIy9aBIIIMX TIETITUIHBIN TTperapaTr Semax, MmajeHue Macchl Tejla ObLIO CYIIECTBEHHO MEHBIINM, YeM y KOH-
TPOJIBHBIX XXUBOTHBIX, a npenapatr PRS nonHocThIO TpenoTBpainai nageHue maccol Tena nociie YMT. Ha
7-e cytku iocyie YMT yruetanace riposaudepaTuBHast aKTUBHOCTb TMMMOLIMTOB U CHUXKAJIACh IUTOTOKCUY-
HocTh NK-KJIeTOK. Y XXMBOTHBIX, TPOJICUEHHBIX METITUIHBIMY TIpeTniapatamu Semax u PRS5, cymiectBeHHOTO
yrueteHue HUTOTOKCMYHOCTU N K-KJI1eTOK He HabI01a/1oCh, a MpoandepaTuBHAs AKTUBHOCTD JIMM(OLIUTOB
BOCCTaHABJIMBAJIACh JIO TTOKa3aTeeil KOHTPOJIbHBIX XUBOTHBIX K 14-M cyTkam mniocsie YMT. Ob6a ucrosnb3o-
BaHHBIX MTENITUAHBIX ITpeTiapaTa CliocOOCTBOBAIU 00JIe€ BBICOKOI IOKOMOTOPHOM aKTUBHOCTU Ha 7-€ CYyTKMU.,
a y XKMBOTHBIX, TIpOJIeYeHHBIX renTtuaomM PRS, k 14-M cyTkam 3TOT BUII aKTUBHOCTH JIOCTUTAJT TTApaMETPOB
KOHTPOJIbHBIX XUBOTHBIX. CHUKEHUE TPOAOJKUTETbHOCTU (DpUBMHTA B TPYIINax, MPOJEYEHHBIX TTeTITH/I-
HBIMU TIpernapaTamMu, CBUIETEILCTBYET O HAUTMYUM CeAaTUBHOTO 3ddeKTa.
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IMenTuaneiit npenapat PRS 6bu1 akTMBEH B JTaHHOM cepun SKCIIEPUMEHTOB, TTOKa3aB UMMYHOTPOITHYIO 1
HEWPOTIPOTEKTOPHYIO aKTUBHOCTD, COTIOCTABUMYIO C TTperiapatomM Semax. JlanbHee nccienoBaHus, Ha-
MpaBJICHHbIE Ha MOATBEPKICHUE BBISIBIEHHBIX BUIOB aKTUBHOCTH MeNTUAHOTO Tperapar PRS, Mmoryt o6o-
CHOBATb €T0 TePCITeKTUBBI JIST KITMHUYECKOTO NCITOJIb30BaHUSI KaK HOBOTO HOOTPOITHOTO areHTa.

Karouesvle crosa: pecynsimophsie nenmuobl, 4epenHo-mo3206as mpasma, cmpecc, aKmugHOCHb AUMPOUUMOE, noedeHYecKue
mecmul, HellpomponHulil dgghexm

IMMUNOMODULATORY AND NEUROTROPIC ACTIVITIES OF
SYNTHETIC PEPTIDES IN A MODEL OF BRAIN INJURY IN RATS

Serebryanaya N.B., Shanin S.N,, Filatenkova T.A., Fomicheva E.E.,,
Komlev A.S.,, Shamova O.V.

Institute of Experimental Medicine, St. Petersburg, Russian Federation

Abstract. Treatment of consequences of traumatic brain injury (TBI) remains one of the current problems
of medicine. To increase the effectiveness of treatment of post-traumatic complications, various drugs are
recommended, including the peptide with neuromodulatory activity Semax.

The present study aims to determine the presence of neuro- and immunoprotective properties of the
synthetic peptide PR5, composed of fragments of proline-rich antimicrobial peptides.

The work was performed on male Wistar rats weighing 300-350 g. The “falling weight” model of mechanical
brain injury was used, which mainly causes diffuse brain damage. The synthesized peptide PRS, composed of
fragments of known proline-rich peptides of animal neutrophils, and the peptide preparation Semax in the
form of a 1% aqueous solution were used. The drugs were administered intranasally 1 hour after TBI, then twice
a day for 4 days at a dose of 100 pg/kg body weight. Control animals received physiological saline in the same
regimen as the peptide preparations.

TBI led to a significant decrease in body weight, but in rats receiving the peptide preparation Semax, the
decrease in body weight was significantly less than in control animals, and the PRS5 preparation completely
prevented the decrease in body weight after TBI. After TBI, the proliferative activity of lymphocytes was
suppressed and the cytotoxicity of NK cells decreased. In animals treated with peptide preparations, there was
no significant suppression of NK cell cytotoxicity, and the proliferative activity of lymphocytes was restored to
the level of control animals by day 14 after TBI. Both peptide preparations used contributed to higher locomotor
activity, and in animals treated with the PRS5 peptide, this type of activity reached the parameters of control
animals. The reduction in freezing duration in groups treated with peptide preparations indicates the presence
of a sedative effect.

The peptide preparation PR5 was active in this series of experiments, showing immunotropic and
neuroprotective activity comparable to the Semax preparation. Further studies aimed at confirming the
identified types of activity of the peptide preparation PR5 may justify its prospects for clinical use as a new
nootropic agent.

Keywords: regulatory peptides, traumatic brain injury, stress, lymphocyte activity, behavioral tests, neurotropic effect

active substances of peptide nature, having signs of
polyfunctionality. Some authors classify regulatory
peptides as histohormones, based on their relatively
short half-life and participation in regulation processes
at the local tissue level [1]. One of the peptides
synthesized by the Ashmarin I.P. academician group,
Semax, a synthetic analog of the ACTH4-10 fragment,

Introduction

Treatment of consequences of traumatic brain
injury (TBI) remains one of the pressing problems
of modern medicine. Patients with brain injuries
of varying severity often suffer from physical and
cognitive impairments for months and years, and
there are no standard methods of therapy for these

conditions. Various drugs with neuroprotective and
neurorepair activity, including regulatory peptides, are
used as correctors of post-traumatic complications.
Regulatory peptides belong to a group of biologically

has proven itself as a neuromodulator that stimulates a
range of brain functions and is currently approved for
the treatment of consequences of strokes, optic nerve
atrophy, and some other neurological diseases [2].
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Previously, it has been shown that natural anti-
microbial peptides such as defensins and protegrins
have corticostatic activity and can reduce stress-
induced or ACTH-induced increases in corticosterone
levels in blood, thereby exhibiting stress-protective
effects. The current study focuses on analyzing the
effects of a new synthetic peptide in order to identify
its neuro- and immunoprotective properties.

The study aims to investigate the regulatory
capabilities of the synthetic peptide PRS5 compared
to Semax on immune cell activity and behavioral
parameters before and after traumatic brain injury in
experimental rats.

Materials and methods

The study was conducted on male Wistar rats
weighing 300-350 g. The animals were housed in
vivarium conditions at room temperature with a 12-
hour light/dark cycle, free access to water and food,
and fed a standard diet in accordance with laboratory
animal maintenance standards.

The model of mechanical traumatic brain injury
used was the “falling weight” model, also known as
the “impact acceleration” model, in our own modi-
fication, which mainly causes diffuse brain damage
[6]. A weight (460 g) with a blunt surface fell inside a
hollow tube (inner diameter of 20 mm) from a height
of 60 cm. The distance between the end of the tube
and the animal’s head was 7 cm. Prior to the injury, the
animals received ether anesthesia at a rate of 3-5 mL
of medical ether per 1 kg of body weight in a mixture
with atmospheric air. The impact zone was located
in the central part of the temporal area. The device
for applying TBI was assembled at the Department
of General Pathology and Pathophysiology of the
Institute of Experimental Medicine on the basis of
literature data on devices for the “falling weight”
model [3].

After the injury, the animals were transferred to a
special plastic cage, where they were observed until
the restoration of normal behavioral patterns. The
experiments were carried out in accordance with the
National Standard of the Russian Federation GOST
R-53434-2009 “Principles of Good Laboratory
Practice” and the Order of the Ministry Health of the
Russian Federation dated April 1, 2016 No. 199n “On
Approval of the Rules of Good Laboratory Practice”.
All manipulations performed on animals were revie-
wed and approved at a meeting of the bioethical com-
mission of the Institute of Experimental Medicine

The PRS5 peptide sequence was composed of
fragments of known proline-rich peptides of ani-
mal neutrophils, including PR-39 (domestic pig
neutrophils) and bactenecin ChBac5 (domestic goat
neutrophils), with an additional glyproline (Pro-Gly-
Pro)atits C-terminus. The peptide wasproducedviathe
Fmoc solid phase synthetic approach on a Symphony

X peptide synthesizer (Protein Technologies, USA)
using a standard synthesis protocol. The purity of the
peptide as determined by analytical chromatography
was 96-98%. The molecular weight was confirmed
by MALDI TOF mass spectrometry. Peptides were
dissolved in physiological saline for experiments.
Semax, a 1% aqueous solution of peptide, was
purchased from a pharmacy.

In the series of experiments investigating the effects
of PR5 peptide on TBI, the following experimental
groups were formed, each consisting of 6-8 animals:
1 — control animals; 2 — animals subjected to TBI;
animals subjected to TBI receiving PRS5 peptide
(group 3); and animals receiving Semax peptide
after TBI (group 4). All peptides were administered
intranasally 1 hour after TBI, followed by twice daily
administration for 4 days at a dose of 100 ug/kg body
weight. Material for analysis was collected on days
7 and 14 after TBI. Animals receiving physiological
saline in the same regimen as the peptide groups were
used as control.

The cytotoxic activity of spleen lymphocytes
against K-562 cells and their ability to proliferate
were used as functional parameters of immune
cells to assess the effects of TBI. The intensity of
lymphocyte proliferation was evaluated using the
blast transformation reaction upon addition of
Concanavalin A (ConA) and recombinant IL-1f3
(Betaleukin, produced by the Research Institute
Highly Pure Biopreparations, St. Petersburg).

To analyze changes in the functional state of the
CNS in animals after TBI, behavioral reactions were
recorded using the “Open Field” test and VideoMot 2
software (TSE Systems, Germany). Motor activity
was evaluated by changes in total distance traveled
and average speed, exploratory activity by the animal’s
location in different sectors of the open field, vertical
motor activity, and anxiety level by the number of
grooming and freezing acts. The duration of behavior
recording for each animal in the test was 5 minutes.

Statistical analysis of the results was performed
using the STATISTICA 7 software package with the
Mann—Whitney pairwise comparison test. Differences
were considered significant at p < 0.05.

Results and discussion

Traumatic brain injury (TBI) was a significant
stressor event, as evidenced by the previously shown
sharp fluctuations in the level of corticosterone (Cs)
in the blood of injured animals [5]. Considering that
experienced stress is associated with weight loss [4],
the nature of changes in body weight in the studied
groups was traced.

The results presented in Figure 1 indicate that TBI
led to a significant decrease in body weight, however,
in rats receiving the peptide preparation Semax, the
decrease in body weight was significantly less than
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Figure 1. Changes in body weight of animals at 7 days after TBI and administration of the peptide preparations
Note. *, p < 0.05 compared to control animals. #, p < 0.05 compared to animals after TBI.

in untreated animals at 7 days post-TBI, and the
PRS5 preparation completely prevented the decrease
in body weight in injured animals (Figure 1). In the
presented series of experiments, a decrease in body
weight of injured animals continued for up to 14 days
after TBI. The Semax preparation contributed to the
normalization of body weight of injured animals at
14 days post-TBI, while the PR5 peptide prevented
stress-induced weight loss at both 7 and 14 days post-
TBI.

The impact of traumatic brain injury (TBI) on
the functional parameters of immune cells was
assessed by means of evaluating the cytotoxic activity

of spleen lymphocytes against K-562 cells and their
ability to proliferate. The obtained data indicate that
after TBI, the cytotoxicity of NK cells decreased at
7 days post-TBI and returned to baseline levels by 14
days post-TBI. In animals treated with the peptide
preparations Semax and PRS5, there was no significant
suppression of NK cell cytotoxicity at 7 days post-TBI
(Table 1). Additionally, at 7 days post-injury, there was
a significant inhibition of lymphocyte proliferative
activity stimulated by suboptimal doses of Con A and
enhanced activation of cells by Con A in combination
with IL-1B. Administration of Semax and PR5
prevented the inhibition of lymphocyte proliferative

TABLE 1. CYTOTOXIC AND PROLIFERATIVE ACTIVITY OF LYMPHOCYTES AT 7 AND 14 DAYS POST-TBI AND

ADMINISTRATION OF PEPTIDE PREPARATIONS

Proliferative activity, stimulation index

Groups Cytotoxic activity, % Stimulation with Stimulation with
. Concanavalin A and
Concanavalin A
IL-1B
Control 19.8 (18.1-22.8) 1.73 (1.66-2.40) 2.70 (1.90-2.80)
TBI, 7" day 13.3 (8.6-14.3)* 1.28 (0.66-1.56)* 1.50 (0.90-1.66)*

TBI + Semax, 7t day

16.3 (15.7-17.9)*

1.75 (1.45-2.20)

2.20 (1.91-2.50)

TBI + PR5 7* day

18.8 (16.6-20.0)"

1.66 (1.66-1.93)

2.66 (2.15-2.88)"

TBI, 14" day

18.9 (15.9-19.5)

1.55 (1.35-2.05)

1.67 (1.57-2.30)*

TBI + Semax 14" day

22.0 (19.3-24.0)

1.69 (1.45-2.25)

2.75 (1.96-3.40)"

TBI + PR5 14" day

18.5 (16.1-20.1)

1.66 (1.45-1.88)

1.72 (1.67-2.50)"

Note. *, p < 0.05 compared to control animals at the same time of observation. #, p < 0.05 compared to injured animals at the same

time of observation.
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TABLE 2. HORIZONTAL MOTOR ACTIVITY, EXPLORATORY BEHAVIOR RESPONSE (ebr), NUMBER OF GROOMING ACTS,
AND DURATION OF FREEZING AT 7 AND 14 DAYS POST-TBI AFTER ADMINISTRATION OF PEPTIDE PREPARATIONS

Horizontal locomotor activity Numbe.r Freezing

Groups distance, m speed, cm/s EBR of gl:::c::lng duration, sec
Control 7t day 17.1 (12.3-22.1) 5.85 (3.55-7.52) 23 (18-27) 8 (4-12) 6 (0-9)
TBI, 7*" day 9.6 (7.1-13.5)* 3.16 (2.40-4.40)* 18 (15-23) 9 (6-12) 35 (17-82)*
TBI + Semax, 7* day 10.9 (8.8-13.5)* 3.65 (2.95-4.30) 18 (16-51) 11 (6-16) 16 (7-21)*
TBI + PR5 7*" day 14.4 (10.3-18.6)* | 4.82(3.43-6.21) 26 (14-38)* 9 (5-13) 18 (10-24)*
Control 14" day 11.6 (9.6-12.3) 3.78 (3.40-4.11) 25 (23-28) 8 (5-10) 66 (47-84)
TBI, 14t day 8.9 (6.5-10.7) 2.96 (2.15-3.56) 15 (8-123) 3 (1-10) 102 (58-185)*
TBI + Semax 14t day 9.9 (4.7-16.3) 3.32(1.57-5.45) 19 (8-38)* 8 (3-11) 54 (37-87)*
TBI + PR5 14t day 12.3 (9.6-19.0)* 4.07 (3.22-6.33) 13 (7-30) 4 (1-9) 75 (37-105)

Note. As for Table 1.

activity in injured animals. In untreated animals,
inhibition of lymphocyte proliferative activity was
observed at 14 days post-TBI when using combined
stimulation with Con A and IL-1f, while in animals
treated with Semax and PRS, the stimulation index
was higher than that in injured animals and did not
differ from control animal values. The obtained data
indicate the immunoprotective effects of both peptide
preparations.

Study of animal behavior in the “Open Field”
test showed (Table 2) that horizontal motor activity
in terms of length and running speed significantly
decreased in injured animals at 7 days post-TBI
compared to control animals. However, in animals
treated with the PRS5 peptide, motor activity was
preserved and remained significantly higher than in
untreated injured rats. By 14 days post-TBI, horizontal
motor activity in animals treated with the PRS5 peptide
was significantly higher than in injured rats and did
not differ from control animal values. The running
speed in rats treated with both peptides did not differ
significantly from that in control rats.

The exploratory behavior response (EBR) of
injured rats was assessed by the number of peeks into
“nests” vertical posts (vertical motor activity), and the
number of exits into the center of the field.

It was shown that at 7 days post-TBI, the EBR
in animals treated with the PRS5 peptide was higher
than in injured animals, and at 14 days post-TBI, the
EBR index was higher in rats treated with the Semax
peptide compared to injured animals.

The level of hidden anxiety in rats was judged by
the number of grooming acts and the duration of
freezing (immobility reaction). There were no chan-

ges in the number of grooming acts in the studied
groups, however, injured rats significantly differed
from control animals in the duration of freezing at
7 days post-TBI. Animals treated with Semax and
PR5 showed an increase in the duration of freezing
compared to control animals, but the episodes of
immobility were significantly less prolonged compared
to injured animals. By 14 days post-TBI, the duration
of freezing in all peptide-treated animals had returned
to control animal parameters, while it increased in
injured animals.

Conclusion

Based on the obtained data, it can be concluded
that Semax and PRS5 preparations prevent post-
traumatic weight loss after TBI, restore cytotoxic
and proliferative activity of spleen lymphocytes when
stimulated with Concanavalin A and IL-1f at 7 days
after TBI. Both peptide preparations contribute to
higher locomotor activity at 7 days after TBI, and
in animals treated with the PRS5 peptide, this type of
activity reached the parameters of control animals by
day 14. The reduction in freezing duration at 7 days
after TBI in groups treated with peptide preparations
indicates the presence of sedative activity, which is
manifested for the Semax preparation at day 14 as
well. Thus, the peptide preparation PR5 was active
in this series of experiments, showing immunotropic
and neuroprotective activity. Further studies aimed
at confirming the identified types of activity of the
peptide preparation PR5 may justify its prospects for
clinical use as a new nootropic agent.
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