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Depression is a common illness that severely limits psycho-
social functioning and diminishes the quality of life. In 2008,
WHO ranked major depression as the third cause of burden of
disease worldwide and projected that the disease will rank first
by 2030. Depression is linked to systemic inflammation. There
is an association between hematological inflammatory markers
and depression symptoms [12].

Oxytocin (OXT) is a nanopeptide hormone, synthesized in
magnocellular and parvocellular neurons of the paraventricular
nucleus (PVN) and supraoptic nucleus (SON) of the hypothala-
mus. OXT causes uterine contractions during labor and milk
ejection during lactation in mammals. The hormone is trans-
ported to various areas of the brain in addition to the pituitary
[4]. The OXT receptor, a member of the G protein-coupled re-
ceptor family, is expressed widely in the central nervous sys-
tem (CNS), especially in the ventromedial nucleus of the hy-
pothalamus, the central nucleus of the amygdala, the head of
the caudate-putamen and the hippocampus [4]. Therefore, OXT
acts as a neurotransmitter/neuromodulator to regulate a range
of CNS functions in males and females, including emotional,
parental, affiliative, and sexual behaviors, as well as spatial and
social memories, such as mother-infant bonding [3,4,8-11,14].
Oxytocin mediates an antidepressant-like effect in male mice,
which disappears in OTR knockout (KO) mice [5,6]. The ad-
ministration of intranasal OXT in clinical populations seemed to
improve aspects of social cognition, including emotion recogni-
tion, and mood [2,3,8].

Oxytocin reduces the activity of brain regions that produce
anxiety and might involve in the rehabilitation of depressive-
like behavior. The effect of OT on anxiety might be mediated by
the de-activation of the hypothalamus-hypophysis-adrenal axis.
Depressed patients consistently exhibit hyperactivity of the hy-
pothalamus—pituitary—adrenal (HPA) axis. HPA axis activity is
regulated by the secretion of the corticotropic hormone-releas-
ing factor (CRF), vasopressin (AVP) and oxytocin (OXY) from
the hypothalamus, which finally stimulates the secretion of the
glucocorticoids from the adrenal cortex. Glucocorticoids inter-
act with their receptors (GRs) in multiple target tissues including
the HPA axis by feedback inhibition [7,15]. The activity of HPA
also can be inhibited by OXY which affects GRs. In depression-
like conditions, OXY neurons elevate release of this hormone
within the hypothalamus and the amygdala and have a suppres-
sive effect on GR expression in the hippocampus.

The electro-magnetic stimulation (EMS) is a noninvasive
treatment method, which is used as a complementary to the drug
for the treatment of different neurodegenerative diseases. Repet-
itive electromagnetic stimulation (EMS), is used in the treatment
of moderate depression [1].

The goal of this investigation was to study the quantitative
characteristics of blood cells after premedication of oxytocin in
depressed rats on the background of EMS.

Material and methods. The experiments were conducted on
mongrel, albino male rats, weighing 150-200 g (n=14). Proceed-
ing from the goals set, the experimental group (clomipramine-
induced depressed rats) and the control group of rats were in-
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volved in the experiments. The experimental group was divided
into subgroups. Some rats from the subgroup were given EMS,
OXY (4 pg/ per animal for 10 days), or EMS and OXY simul-
taneously. The Control group of rats received the same amount
of saline.

Electro-Magnetic stimulation - The parameters of EMS (stim-
ulus frequency, number, and duration of stimuli,) which partially
or fully inhibited behavior manifestation of depression, were es-
tablished during pilot experiments. For repetitive EMS the fol-
lowing parameters: 10000 -15000 Hz frequency, 1,5 m/Tesla,
for 15 min, during 10 consecutive days were used.

For hematological analysis of blood HumaCount 30 TS was
used. This analyzer allows us to quantify the number of red
blood cells, leukocytes (agranulocytes and granulocytes), plate-
lets, hemoglobin, the hematocrit in 1 ml blood of rats. Deter-
mination of these parameters is very important because EMS
affected the whole body, including the bone marrow, which is
the main place of blood cell genesis. The trunk blood was col-
lected from each rat. The hematological analysis was performed
2 weeks later after OXY injection and EMS.

The obtained results were processed using an adequate sta-
tistical program. Data reliability was assessed using parametric
and non-parametric techniques, with the use of one- and two-
way layout of factorial analysis.

Results and discussion. /mpact of EMS and OXY on the Red
blood cells count in depressed rats

Depression caused decreasing number of red blood cells
(RBC), increasing of Mean corpuscular volume (MCV) and Red
Cell Distribution Width (RDW) compared to the control group
of rats. EMS, as well as oxytocin injection, caused an increase
in RBC content. MCV and RDW returned to normal limits.
Against the background of simultaneous exposure of oxytocin
and EMS, the rates returned to data obtained in intact rats. On
the background of oxytocin injection, the amount of hemoglobin
was increased also. Additional EMS did not change these data
significantly, but in this case, obtained results did not differ from
the results of control, non-depressed rats.

The chronic increases of the RDW (%) content during a long
time, develop anemia, and leads to deterioration of the function-
al state of the organism. Since depression causes abrupt changes
in RDW (%), we think that one of the markers of depression can
be used to determine RDW (%) in the blood. In our opinion,
this should be related to nutritional deficiency, which leads to a
decrease in iron and vitamin B12 in the body. At this time, due
to the violation of erythropoiesis, not enough erythrocytes are
produced, and the already existing RBCs increase in size. As
a result, RBC sizes become highly variable (Fig.1 a, b, c, d, ).

Since depression is associated with anemia, it is possible
to assume that the symptoms of depression can be reduced by
modulating the blood system. Thus, in the treatment of depres-
sion, it would be appropriate to use medications that activate
erythropoiesis. Iron therapy, as well as vitamin B12 therapy, can
be considered here.

The weight of clomipramine induced depressed rats was sig-
nificantly lower than the weight of non-depressed rats (Fig. 2).
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Fig. I (a.b.c.d.e) - The effects of EMS and OXY on the RBC (x 106 cells/uL),
MCV (fL), RDW (%),Hct (%), Hgb (g/dL) in various experiment conditions
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Fig. 2. Body weight (g) in experimental (depressed) and con-
trol group of rats after EMS

Impact of EMS and OXY White blood cell count in depressed
rats. Increased white blood cell (WBC) count and red cell dis-
tribution width (RDW) is associated with negative clinical out-
comes in a wide variety of pathological conditions. WBC is a
non-specific inflammatory marker and RDW is also strongly
related to other inflammatory markers.

Increased level of WBC in depressed rats was decreased after
oxytocin injection and EMS. Despite the growth of white blood
cells, depression decreased lymphocyte content. Injected oxytocin
did not change the content of lymphocytes, but in light of the 10-
day of EMS, the content of lymphocytes (P<0.05) increased. It is
possible to think that the decrease in lymphocytes in depressed rats
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may explain the immunological dysfunction characteristic of a de-
pressive condition, which can be corrected by EMS.

Depression increases the levels of cytokines (particularly
interleukin-1) in the blood, which activate the hypothalamic-
pituitary axis and by activation of glucocorticoid receptors, lead
to the development of depressive behavior [2]. Therefore, de-
pression of cytokines or glucocorticoid receptors might lead to
a reduction of depressive-like behavioral manifestations. On the
other hand, an increased level of cytokines causes effects on the
hippocampus, hypothalamus, and brain stem. In particular, the
working memory gets worse as a result of the inhibition of hip-
pocampal long-term potentiation, which is the basis for memory
consolidation. Eventually, the cognitive function deteriorates.

The number of granulocytes did not change in depressed rats.
This parameter does not change as a result of exposure to oxy-
tocin and EMS.

Impact of EMS and OXY on Platelets (PLt) count in depressed
rats. In depressed rats the amount of PLt and PDW were de-
creased, MPV was increased. Thrombocytopenia can be associated
with leukocytosis, as well as with a weakened immune system. On
the background of oxytocin injection, there was a tendency to an in-
crease in platelet number, although the results were not statistically
significant. The platelet count returned to the normal level after Ad-
ditional EMS in rats with oxytocin premedication.
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Fig. 4 (a, b, c.). The effects of EMS and OXY on the Plt (x 103 cells/uL), MPV (fL), PDWs in various experiment conditions

MPV is a key characteristic of platelet size and is a potential
marker of platelet reactivity. Variation in platelet size is indica-
tive of a change in platelet function. Therefore, platelet param-
eters are markers that are thought to be changed in response to
systemic inflammation, internal bleeding, bone marrow pathol-
ogy or different neurological diseases [12]. Under the influence
of oxytocin and EMS, the mean platelet volume MPV (fL) was
normalized.

The PDW -indicator of volume variability in platelets size. It
changes with platelet activation and reflects the heterogeneity in
platelet morphology. The decreased level of PDW was increased
to a normal level after OXY and EMS. It was suggested that
EMS effects thrombopoietic agents which induce the growth
and maturation of megakaryocytes.

Therefore, Oxytocin injection did not effect on PLt amount
but normalized amount of PDW and MCV. Additional EMS nor-
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malized all three parameters.

This study demonstrate that PLT counts and PLT param-
eters can probably be used as adjunct to clinical evaluation
of depression. Oxytocin, as well as EMS, stabilized the blood
cells quantitative characteristics. The data obtained from the
blood tests might be used as a marker for determination the
degree of depression and the general condition of the body.
The analysis of these data is of great importance for medical
practice.

Conclusion. In clomipramine-induced depressed rats, the
oxytocin alone, or together with EMS can restore the blood cell
imbalance. Oxytocin with simultaneous action of EMS have an-
tidepressant effects, which would strengthen the notion of its
therapeutic potential treatment strategy for depression.

The research was supported by the Shota Rustaveli National
Foundation FR 17 333.
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SUMMARY

NORMALIZING EFFECT OF ELECTROMAGNETIC STIM-
ULATION ON BLOOD QUANTITATIVE INDICES IN DE-
PRESSED RATS ON THE BACKGROUND OF OXYTOCIN

'Bukia N., 'Butskhrikidze M., 'Machavariani L.,
’Svanidze M., *Jojua N.

!LEPL Ivane Beritashvili Center of Experimental Biomedicine,
Thilisi; *Iv. Javakhishvili Thilisi State University; *European
University, Thilisi, Georgia

Depression is linked to systemic inflammation. There is an
association between blood cell count and/or hematological
inflammatory markers with depression symptoms. Oxytocin
reduces the activity of brain regions that produce anxiety and
might involve in the rehabilitation of depressive-like behavior.
Repetitive EMS is used in the treatment of moderate depression.
So, the goal of this investigation was to study the quantitative
characteristics of blood cells after EMS on the background of
oxytocin premedication of in depressed rats.

In the implementation of the project the depressed rats (250-
450 g) were used (n=20). For each task two groups of the animal
were conducted: experimental group (with EMS) and control
group (without EMS). For repetitive (10-days) EMF exposure,
the following parameters were used: 10000 -15000 Hz frequen-
cy, 1,5 m/Tesla, for 15 min. An animal model of depression was
received by subcutaneous injection of Clomipramine from 8 to
21 days of neonatal development. The blood counts were per-
formed 2 months later after clomipramine injection using blood
HumaCount 30 TS. This analyzer allows quantifying the number
of red blood cells, white blood cells (agranulocytes and granu-
locytes), platelets, hemoglobin, the hematocrit in 1 ml blood of
rats. The hematological analysis was performed 2 weeks later
after oxytocin (4 mcg/per animal during 10 days) injection and
EMS. The obtained results were processed using an adequate
statistical program. In clomipramine —induced depressed rats,
EMS independently or with simultaneous injection of Oxyto-
cin caused normalization of blood cells count (Red blood cells,
white blood cells and Platelets). More important was the simul-
taneous impact of EMS and oxytocin.

In depressed rats, the oxytocin alone, or together with EMS
can restore the blood cell imbalance.

Keywords: electric-magnetic stimulation, Oxytocin, depression.

PE3IOME

IJIEKTPOMATHUTHASL CTUMWIALUA CIHOCOB-
CTBYET HOPMAJIM3AIIMA KOJUYECTBEHHBIX
MOKA3ATEJEN KPOBH ¥ JIEIIPECCUBHBIX KPbIC
HA ®OHE OKCUTOLIMHA

'Bykus H.I., 'Byuxpuxumze M.IL, 'MauyaBapuanu JLHU.,
2Canunaze M.JIk., 3Jxxomxkya H.B.
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Jlemipeccust cBsi3aHa C CHCTEMHBIM BocmanenueM. CyIecTBy-
€T CBSI3b MEXIy KOIMYECTBOM KIETOK KPOBH W/MIM TeMaTo-
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JIOTUYECKUM MapKepOM BOCHAJICHUSI C CUMIITOMAMHU JICTIPECCHH.
OKCHTOLIMH CHIJKAET aKTUBHOCTH 00IacTEll MO3ra, BhI3bIBAIOIINX
OECIIOKOIMCTBO, U MOYKET YUaCTBOBATh B PEaOMIIUTALINH JICTIPECCHB-
HO-TIOMOOHOTO TOBeICHNUSI. [IOBTOPSIONIASCS 3JIEKTPOMArHUTHAS
crumymsinus (OMC) ucnonb3yercst Ipy JICYEHUH YMEPEHHOH Jie-
npeccun. Llenblo HacTOAIIEro MCCIeN0BaHUs SIBUJIOCH M3ydeHUE
KOJIMUECTBEHHBIX XapaKTEPUCTHK KJIETOK KPOBH TOCIE AJIEKTPO-
MarHUTHON CTUMYJISLIMK Ha (pOHE TPEMEUKALINKY OKCHTOLIMHOM Y
JICTIPECCUBHBIX KPBIC.

OMBITHl MPOBOAMIMCH HA JCTIPECCUBHBIX M MHTAKTHBIX KPbl-
cax (n=14) maccoii 150-200 r. OGe rpymmbl MOxpa3IeieHbl Ha
JIB€ TOArPYHIbL: 3kcnepuMeHTanbHas (¢ OMC) U KOHTpOIb-
Has rpynna (6e3 OMC). DMC npooguiu 10 gueit (vactora
10000-15000 I'y, 1,5 m/Tecna, B Teyenue 15 mun). JKuBoTHyI0
MOZIeNb JCNPEeCcCUH IOoIydald IMyTeM IOAKOXKHOM HMHBEKLUUH
KJIOMUTIpaMuHa ¢ 8 110 21 JHS HEOHATANIbHOTO pa3BUTHs. AHa-
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JI3 KPOBH BBIMOJTHEH € MCIOJIb30BaHueM nprbopa HumaCount
30 TS. DroT aHamU3aTop MO3BOJSIET ONPENEIUTh KOJIHYECTBO
SPUTPOLIUTOB, JICHKOLUTOB (arpaHyJOLUTOB U I'PAaHYIOLUTOB),
TPOMOOLIUTOB, TeMOIIO0MHA, FeMaTOKPUTa B 1 MJI KPOBH KPBIC.
I'emaTonornyeckuii aHaau3 NPOBOAMIN CITyCTs 2 HEJENH 10Cie
MHBEKLIUH OKCUTOLMHA (4 MKI/’KMBOTHOE B Teuenue 10 nueit) u
OMC. [Nony4yeHHble pe3yabTaTbl 00pabaThHIBAINCh C TIOMOIIBIO
cratuctuueckoil mporpammsl (ANOVA).

VY KkpbIC ¢ Jenpeccuei, BbI3BAaHHOHW Kiomunpamuaom, SMC
CaMOCTOSITEIBHO WU C OMHOBPEMEHHBIM BBEJICHUEM OKCUTOLU-
Ha BbI3Bajla HOPMAJIHM3ALUIO KOJINYECTBA KIETOK KPOBHU (3pUTPO-
IIUTBI, JICHKOIIMTBI U TpoMOOLIUTHI). bosee addekTuBHbIM OBLITO
omHOBpeMeHHoe Bo3aeiicTBue DMC 1 OKCUTOLMHA.

Takum 00pa3zom, pe3ysbTaTbl MPOBEACHHBIX HCCIISIOBAHUIMA
BBISBUJIN, UTO Y ACTPECCUBHBIX KPbIC OMC 1 OKCUTOLIMH MOJKET
BOCCTAHOBHTH JUCOaIaHC KIETOK KPOBH.
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