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ABSTRACT: This study investigated the effects of glyproline neuropeptide compounds (selank and Pro-Gly-Pro) on the
white blood cell count and phagocytic activity of neutrophils in 40 nonlinear white male rats aged 6-8 months with experi-
mental hyperthyroidism. Experimental hyperthyroidism was simulated by intragastric administration of L-thyroxine sodium
salt pentahydrate at a dose of 150 pg/kg/day for 21 days. All animals were equally divided into four groups: healthy rats
(control), rats treated with L-thyroxine sodium pentahydrate (hyperthyroidism), rats treated with selank, and rats treated
with Pro-Gly-Pro at doses of 200 pg/kg/day intraperitoneally for 21 days, starting one day after the last administration of
L-thyroxine sodium pentahydrate. After the animals were removed from the experiment, the white blood cell count and the
percentage of lymphocytes, stick, and segmentonuclear neutrophils were calculated, and the phagocytic activity of neutro-
phils was evaluated. In the case of experimental hyperthyroidism, neutrophilic leukocytosis with a shift to the right, lympho-
penia, and decreased phagocytic activity of neutrophils were observed. Glyproline neuropeptides contributed to the correction
of observed changes in white blood cell indices and phagocytic processes, which indicates the immunocorrigating effect of
the test compounds. Thus, glyproline neuropeptides demonstrated pronounced immunotropic activity, which manifested in
the correction of changes arising from the leukocyte count and phagocytosis processes. However, further detailed study of
the pharmacological effects of neuropeptide agents on experimental hyperthyroidism is necessary.
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BIUAHUE TNTUNPOJINHOB HA NMOKA3ATE/IU
BE/I0W KPOBU U ®ATOLIUTAPHYIO
AKTUBHOCTb HEUTPO®U/IOB B YC/IOBUAX
3KCMNEPUMEHTAJIbHOIO TMNEPTUPEO3A

M.Y. Cepranuesa', A.A. Linbusosa', /.A. Angpeesa?, H.0. Macoenos?, 0.A. bawwkuna',
M.A. CamotpyeBa'

! ACTpaxaHCKWUi rocyfapCTBEHHbIN MEAMLMHCKII yHUBEpCHTET, AcTpaxaHb, Poccua

2 KypuaToBCKMIA MHCTUTYT — MHCTUTYT MoNieKyNApHOM reHeTukm, Mockea, Poccust

PestoMe. B ycroBuAx sKkcnepyvMeHTanbHOro runepTpen3a UCCneo0BaHo BAUAHWUE MMMPOSMHOBBLIX HEMPONENTUAHBIX
coemHeHun (cenaHKk u Pro-Gly-Pro) Ha KonMuecTBo NEMKOLMTOB M GaroumMTapHylo akTUBHOCTb HeMTpodunoB y 40 Henm-
HeMHbIX 6enbIX KpbiC-CaMLOB 6—-8-MecAYHOro Bo3pacTa. IKCMEPUMEHTaSbHBIA TMMNEPTUPE03 MOAEMPOBANU C NOMOLLbIO
BHYTPUMKENYA04HOr0 BBEAEHWA NEHTarnapata HatpueBoit conm L-TupokecuHa B fo3e 150 MKr/Kr/cyT B TeueHue 21 oHs.
Bce »uMBOTHblE 6bIM pasgeneHbl Ha 4 paBHble FPYMMbl: KOHTPOSIbHYI0 — WMHTAKTHbIE HUBOTHLIE (KOHTPO/b); MBOTHbIE,
nosyyaBLUMe MEHTarnapaT HaTPUEBOW oM L-TMpOKCMHa (TMNepTUPeo3); KpbIChl, MOAyYaBLUME CENaHK, U KPbiCbl, NOMY-
yaBLume Pro-Gly-Pro, B go3ax 200 MKr/Kr/cyT BHYTPMOPIOLIMHHO exeSHEBHO B TeueHue 21 [HA, HaYMHaA Yepes CYTKU no-
c/ne nocnefHero BBeAEHUA NeHTaruapara HaTpueBom conun L-TupoKcuHa. MNocne BbIBeAEHNUA HMUBOTHBIX U3 IKCNEPUMEHTA
MOACHUTLIBANM KONUYECTBO SIEMKOLMTOB M NPOLLEHTHOE COAEpHaHne MMMAOLMTOB, NaNoYKo- N CErMEHTOAAEPHBIX HENTPO-
Gu1noB, a TaK*Ke oLEHUBANM (aroLMTapHYI0 aKTUBHOCTb HEMTPOPUOB. YCTAHOBIEHO, YTO B YCNIOBUAX SKCNEPUMEHTANBHOMO
rUnepTvpeosa Habniofanoch pasBUTUE NEMKOLMTO3a C HEUTPOGMIE30M CO CABMIOM BNPaBo M IMMGONEHNM, a TaKKeE CHU-
KeHne (arouMTapHoM aKTMBHOCTU HerTpodunoB. BBeseHMe rMMNPoOaMHOBLIX HEMPONENTUAOB CNOCO6CTBOBANO KOPPEK-
LM HabnloJaeMblX U3MEHEHWUI CO CTOPOHbI MOKa3saTenen 6enok KpoBmM 1 daroumUTapHbIX MPOLLECCOB, YTO CBUAETENLCTBYET
06 MIMMYHOKOPPUIMpYIOLLLEM AENCTBUM MCCedyeMblX COeAMHEHNA. TaknM 06pasoM, FMNponHOBbIE HeponenTuabl 06-
NafaloT BbIpaXeHHOW UMMYHOTPOMHOWM aKTUBHOCTbIO, NPOABAAIOLLENCA B KOPPEKLMU U3MEHEHWI, BO3HUKLLKX CO CTOPOHbI
neWKoumTapHoM GOpMynbl U NpoLeccoB GaroLmMTo3a, YTo aKTyanu3upyeT AanbHelillee OeTanbHoe U3yyeHue gapMaKono-
rMYeCKMX 3QPEKTOB HEMPONENTUAHBIX CPEACTB B YC/I0BUAX IKCNEPUMEHTA/ILHOMO IMNepTMPen3a.

KnioueBble cnoBsa: ravnponvHbl; HeMponenTUapl; CenaHK; 3KCrnepuMeHTanbHbIN FMNepTUPens; UMMYHOTPOMHAA aKTUB-
HOCTb; NIENKOLMTBI; paroLmTapHoe YMCNo; $paroLmUTapHbIN MHOEKC.
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ORIGINAL STUDIES

BACKGROUND

To date, a developed concept confirms the causal
relationship of thyroid diseases with pathological changes
in the neuroimmunoendocrine system as a whole [1-3].
Changes in thyroid gland functions are accompanied not
only by hormonal imbalance and neuropsychiatric disorders
but also by pathological changes in the immune system.
Thyroid hormones were found to have a modulating effect
on immune cells, which is accompanied by various changes
in reactivity indicators. Thus, mild hyperthyroidism is
accompanied by the stimulation of the immune response,
an increase in the total leukocyte count, and a decrease in
the phagocytic activity of neutrophils. In turn, pronounced
hyperthyroidism is characterized by suppressive changes
in immune processes and increased phagocytosis [4-6].
Thyroid hormones implement immune effects through
two main mechanisms, namely, interaction with nuclear
receptors, manifesting the so-called genomic effect, and
with glucose transporters, mitochondrial proteins, calcium
adenosine triphosphatase, adenylate cyclase, etc. [6-8].

The hormonal imbalance resulting from thyroid diseases
is a major pathogenetic factor in the development of
immune pathology. Thus, secondary immune disorders that
occur in thyroid dysfunction must be treated. Neuropeptide
compounds of glyproline nature [9], which are characterized
by the presence of versatile pharmacological effects and
high safety, are of particular interest in correcting many
dysregulatory pathological conditions.

One of the well-known registered glyproline drugs
is Selank (Thr-Lys-Pro-Arg-Pro-Gly-Pro), an analog of
the regulatory peptide tuftsin (Thr-Lys-Pro-Arg), whose main
function is immunomodulation. Tuftsin stimulates neutrophil
and macrophage functions, activating phagocytosis. Along
with the immunotropic action, the neuromodulatory activity
of this peptide has also been proven, which manifests
anxiolytic and nootropic effects [10-12]. The functions
of the tripeptide Pro-Gly-Pro—inhibiting thrombogenesis
and degranulation of mast cells and exhibiting antiulcer
properties, etc.—were revealed.

Despite knowledge of the biological action of glyproline
neuropeptides, no studies have confirmed the immunotropic
activity of Selank and its new derivatives under experimental
hyperthyroidism [13, 14].

The study aimed to analyze the effect of glyproline
neuropeptide compounds Selank (Thr-Lys-Pro-Arg-Pro-Gly-
Pro) and Pro-Gly-Pro on the leukocyte count and phagocytic
activity of neutrophils under experimental hyperthyroidism.

MATERIALS AND METHODS

The effect of glyproline compounds on the leukocyte
count and phagocytic activity of neutrophils was evaluated
on 40 white male rats aged 6-8 months in accordance
with the Order of the Ministry of Health of the Russian
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Federation No. 199n of 04/01/2016 “On Approval of
the Rules of Laboratory Practice” and GOST 33215-2014
“Guidelines for the maintenance and care of laboratory
animals.” Experimental hyperthyroidism was induced by
the intragastric administration of L-thyroxine sodium salt
pentahydrate from Sigma (MO, USA) at a dose of 150 pg/kg
for 21 days. All animals were divided into four equal groups,
namely, control group (intact animals), L-thyroxine sodium
salt pentahydrate (hyperthyroidism)-treated group, Selank-
treated group, and Pro-Gly-Pro-treated group, at doses of
200 pg/kg/day intraperitoneally daily for 21 days, starting
on the day after the last injection of L-thyroxine sodium salt
pentahydrate.

The leukocyte count and percentages of lymphocytes,
stabbed and segmented neutrophils, and eosinophils were
counted in the Goryaev chamber, and hemogram was
then assessed in Romanovsky-Giemsa-stained smears.
The phagocytic activity of neutrophils in the blood serum was
assessed by the latex test, and the phagocytic number (PN)
and phagocytic index (PI) were determined.

Statistically, the arithmetic mean (M) and error of
the arithmetic mean (m) were calculated and presented as
M £ m. Group differences were assessed using Student’s
t-test, followed by multiple comparisons using the Bonferroni
method. Differences were considered statistically significant
at p < 0.05. The relationship between various attributes in
the study sample was determined using correlation analysis
by the value of the Spearman correlation coefficient (r).

RESULTS AND DISCUSSION

To confirm the development of hyperthyroidism, animal
behavior, body weight, heart rate, and rectal temperature
were evaluated. In the group with thyroid pathology, changes
were noted, namely, the animals became aggressive, which
manifested as the formation of inter-male confrontations,
the body weight decreased by 30% (p < 0.05), heart rate
increased by 42% (p < 0.01), and the rectal temperature
reached 39.3 °C + 0.2 °C in relation to intact rats.

The leukocyte count increased significantly (p < 0.001) by
56% in the experimental hyperthyroidism group compared
with the control group. The administration of Selank and
the Pro-Gly-Pro compound was accompanied by a significant
(p < 0.05) decrease in the leukocyte count by 22% and 20%,
respectively, in relation to the hyperthyroidism group (Fig. 1).

In the experimental hyperthyroidism group, the count of
segmented neutrophils increased by 2.1 times (p < 0.001)
and that of stab neutrophils increased by 24% (p < 0.05),
and the lymphocyte count decreased by 33% (p < 0.01)
compared with the control group. Selank contributed to
the restoration of quantitative indicators of segmented and
stab neutrophils, reducing them by 40% (p < 0.001) and 18%
(p < 0.05), respectively, and an increase in the lymphocyte
count by 38% (p < 0.01) compared with the hyperthyroidism
group. The Pro-Gly-Pro compound led to a decrease in
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Fig. 1. Effect of neuropeptide compounds on the total leukocyte  Fig. 2. Effect of neuropeptide compounds on the percentage of
count in experimental hyperthyroidism leukocyte classes in experimental hyperthyroidism

Puc. 1. Bnansanue HeponenTUaHbIX COeAMHEHMI Ha obliee Ko-  Puc. 2. Bnuanue HerMponenTUAHbIX COEAMHEHUI Ha NPOLEHTHOE
JINYECTBO NIEMKOLMTOB B YCNOBUAX 3KCMEPUMEHTA/IbHOrO FUMep-  COAEPHaHMe PasnnYHbIX KNaccoB SIEMKOLMTOB B YCOBMAX 3KC-
TMpeo3a NepUMEHTa/IbHOr0 r1nepTMpeo3a

Indicators of phagocytosis

PN, unit PI, %
Control Hyperthyroidism
Hyperthyroidism + Selank  Hyperthyroidism + Pro-Gly-Pro

* — p<0,05; *** — p < 0,001 relative to control; * — p < 0,05 relative to hyperthyroidism

Fig. 3. Effect of neuropeptide compounds on the phagocytic activity of neutrophils in experimental hyperthyroidism

Puc. 3. BnvAHWe HerponenTuAHbIX COeAMHEHWIA Ha (aroLMTapHYI0 aKTUBHOCTb HEMTPOGMIOB B YCIOBUAX 3KCMEPUMEHTANIBHOMO M-
nepTvpeosa

segmented neutrophils by 35% (p < 0.001), stab neutrophils  the administration of glyproline neuropeptide compounds

by 15% (p < 0.05), and lymphocyte count by 33% (p < 0.01)  contributes to the correction of the changes registered in

in relation to rats with hyperthyroidism (Fig. 2). white blood parameters and phagocytic processes, which
A decrease in the PN by 23% (p < 0.05) and the Pl by 33%  may be associated with the ability of neuropeptides to

(p < 0.001) was found in the experimental hyperthyroidism  activate cyclooxygenase, which inhibits the functional activity

group compared with the control group. Following of leukocytes by increasing the levels of cyclic adenosine

the administration of Selank and Pro-Gly-Pro, the PN  monophosphate in the cells.

increased; however, these changes were not statistically

significant. Selank and Pro-Gly-Pro caused an increase

in the PI of approximately 25% (p < 0.05) compared with CONCLUSION

the control group (Fig. 3). The study established the presence of pronounced
Our results were comparable with the findings of Zenkov  immunotropic activity in glyproline neuropeptides, which

[8] and Shcherba and Korda [14]. They have indicated that manifests as the correction of changes arising from

hyperthyroidism is accompanied by neutrophilic leukocytosis  the differential leukocyte count and phagocytosis processes.

with a shift to the right and lymphopenia, which is typical for  Thus, further detailed studies of the pharmacological effects

thyroid pathology that occurs with thyrotoxicosis syndrome.  of neuropeptide agents in experimental hyperthyroidism are

Moreover, Chenchak [7] and Zenkov [8] also state that needed.
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