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ANNOTATION

Cherniavska O.OEffect of rhythmic extreme cryoexposures and cord blood or
the state of regulatory systems of rat body in alimentary obésifyhe qualifying
scientific paper as a manuscript.

Thesisfor the degree of Candidate of Biological Sciences (Philosophy Dagtor)
specialty 03.00.9 "Cryobiology". 7 Institute for Problems of Cryobiology and

Cryomedicine of the National Academy of Sciences of Ukraine, Kharkiv, 2019.

The WHO Expert Committee estimates the obesity to be acammunicable
"epidemic of the 21stentury” and one of the major risk factors for mortality on the
planet. Obesity is called "disease of diseases" because it is accompanied by the on
the cardiovascular system (arterial hypertension, atherosclerosis, coronary heart dise
stroke), mgculoskeletal system, insuldependent Diabetes mellitus.

Currently in medicine there are different views on the treatment and rehabilitati
of overweight and obese patients. It is known that the use of just one treatment factc
the therapy of obesitis often insufficient, due to the fact that this disease causes ti
development of many concomitant pathologies: metabolic disorders, decreased ove
resistance of the body, hormonal imbalance, psychosomatic disorders. Therefore,
important to lookfor new conceptual approaches to the pathogeneticfdeegherapy
of obesity. Cryotherapy based on the whole body cold exposure, inducing posit
changes at the body level, may be one of these approaches. The main mechanisr
preventive and therapec action of extreme cryotherapy are related to stimulation o
physiological reserves of the body, optimization of neurohumoral regulation ar
metabolism, increase of nonspecific resistance. In addition, biological agents (ce
tissues, plant and animektracts) can be used to improve seljulation. Celttherapy
with using stem cell§¢SCs) is one of the most promising areas for the development «
medicine, which allows to obtain qualitatively new clinical results in various fields c
medicine. Scientic discoveries of the last decades prove a high medical and biologic
value of the cord blood (CB) as an important source of biologically active substanc

growth factors and SCs, which are successfully applied in treatment of vario
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pathologies, inalding the diseases of the cardiovascular system, which ofte

accompany obesity. To date, the fundamental investigations, revealing the peculiari
of physiological responses of the body to rhythmic extreme cooling and the introducti
of the cord bloodhucleated cells (CBNCs) in obesity are absent.

In connection with the above, the prerequisites for studying the mechanisms
action of rhythmic extnme cold exposures (RECE)1(2 O)Acryopreserved cord
blood nucleated cells of (cCBNCs) and their comtiamaon structural and functional
state of the regulatory systems of rats with a simulated alimentary obesity (AO) appe

For the first time in the thesis the AO model shows the efficiency of independe
and combined use of RECE1(2 G)Aand cCBNCs to aeect the structural and
functional disorders that occur in regulatory systems of experimental animals, especi
in the age aspect.

To evaluate the state of regulatory systems of young and aged rats with simule
AO before and after the independent ataimbined use of RECE and cCBNCs a
spectral analysis of heart rate variability (HRV) was performed, the dynamics
changes in lipid profile and hormone levels (thyroid) were determined. Usir
histological, histochemical and ultramicroscopic methods, thecargium structure as
one of the major markers of AO development was investigated. All the studies exc
spectral analysis of HRV were performed the following day, one week and one mol
after the effects.

Spectral analysis has demonstrated that in gamd aged rats with simulated
AO a statistically significant decrease for all the investigated HRV parameters relat
to the control (2 and 2.8 times, respectively) was found. The values of spectral tc
power (TP) of neurohumoral regulation decreased eesult of the reduced tone of the
sympathetic and parasympathetic components of autonomic nervous system (ANS)
and HF component), as well as the humoral level of regulation (VLF component).

For the first time, it has been found that the use of RE€CBNCs and their
combination, significantly increased the adaptation and compensatory capacity of
animals with AO, regardless of their age, by increasing the activity of both tf

vegetative centers and humoral level of regulation. In this caseothbined use of
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RECE and cCBNCS had the most pronounced positive impact on the state of regula

systems of experimental animals. A month later, in young rats, the TP increased 6
10.7 times relative to the control and control with AO, and 4.9 anf fifhes,
respectively, in aged rats.

It has been shown that in young and aged rats the AO development resulted
statistically significant increase in body gkt in 1.7 times (by 69%) and 1.5 times
(by 47.8%) versus the initial weight), hyperlipid@mappearance the shift of lipid
profile towards atherogenicity. The level of total cholesterol (TC) increased relative
the control values in 1.9 times in young and in 1.4 times in aged rats, low dens
lipoprotein cholesterol (LDLC) enhanced in ZaRd 1.5 times, respectively, and the
coefficient of atherogenicityGA) in 1.2 and 1.6 times. The described changes o
lipidogram were more pronounced in aged animals.

For the first time, it has been found that the independent and to a greater ex
the @mbined use of RECE { 2 G)And cCBNCs contributed to a slight decrease ir
body weight, normalization of the serum lipid profile of youmgl aaged rats with the
modeledAO, bringing their closer to the indices ofrtml animals with no obesitydn
the background of the combined action of the two methods for controlling the AO, ¢
atherogenic risk was reduced as a result of decrease in the level of TC (in young by
and 2.6 times in aged rats), LDCL (by 2.4 and 6.9 times, respectively), CA (1.3 a
105 times) and due to a rise in higensity lipoprotein cholesterol (HDLC) by 1.5
times in aged rats, which performs in the body an important function associated w
maintaining lipid homeostasis.

It was found that in young and aged rats with simulated a&Oa result of
decreased secretion of thyroids; {6tal triiodothyronine in 1.4 and,Tthyroxine in1.3
times) and sexual (testosteroileTs 2.6 and 1.8 times ) hormones decreased
functional activity of both thyroid and reproductive glands. These dispkdere more
pronounced in aged animals.

For the first time, it has been demonstrated that independent and to a gre
extent combined use of RECE1( 2 G)Aand cCBNCgestored the thyroid hormone

synthesizing ability, increasing its functional activityprmalizing the level of Ts,
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thereby enhancing an adaptation and compensatory capacity of experimental anir

with obesty independently on their age.

According to the results of histological examination, the morphological picture
the tissues and vedseof the myocardium of young and aged rats with the simulate
AO was characterized by the presence of the signs indicating circulatory disorde
There were plethora and vascular thrombosis, diapedetic hemorrhage, myocar
hypertrophy, interstitial angerivascular edema, growth of fibrous stroma structure:s
(focal cardiosclerosis). The degree of obesity, detected by a specific staining on net
fats with oil red, was much higher in aged versus young animals. In the first case tr
was a macrovesitar steatosis on the background of dustlike and microvesicular on
and in the second just dustlike and microvesicular steatosis.

It has been for the first time discovered that the use of 9 RECE sessions he
positive effect on morphological structuoé the cardiac muscle of young and aged
animals with the modeled AO. Myocardial tissue trophy by increasing the number
capillaries, reducing the number of interstitial edema and cardiosclerosis foci has b
improved. Structural manifestations of lipgl® were decreased and they acquired
features of the reverse process.

On the background of the introduced CCBNCs in cardiomyocytes hypertrophy
muscle fibers was observed, sometimes there was no transverse striation. All e
vessels were fulblooded,characterized with a normal shape of the lumen, uniformly
thickened walls. Moderate perivascular edema and cardiosclerosis were found arc
the vessels, with no lympHuastiocytic infiltrates. The degree of myocardial fat
dystrophy decreased significantly

The combined use of RECE and CCBNCs caused significant structural 1
arrangements of the myocardial compensatory character. Morphofunctional signs
interstitial edema, cardiosclerosis, and myocardial hypertrophy were poorly express
In the interstital connective tissue, diffuse distribution of histiocytes, proliferation of
fibroblasts, an appearance of the newly formed capillaries were observed, that testi

to the improvement of blood circulation and cardiac muscle trophic due to
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compensatory deelopment of neoangiogenesis processes. In this case, lipidosis w

reduced so much that it acquired the features of the reverse process.

Electron microscopic examination of tissues andelessf the myocardium, both
of young andaged rats with thesimulated AOrevealed dystrophic and destructive
changes of their organelles. Catabolic processes developed, as evidenced by
appearance of a large number of inclusions of lipids, lipofuscin and second:s
lysosomes in cytoplasm. Metabolic activity oétheart muscle decreased as a result o
mitochondrial dysfunction, as well as because of reduced number of ribosom
polysomes and glycogen granulesarcoplasm.

For the first time, it has been noted that after independdministration of just
RECE and justcCBNCs, there were the rearrangements of a compensatory type, suct
an increase in the number of mitochondria and cristae in them, a decrease in
number of destruction foci and degeneratively altered mitochondria. The processe:
proliferation of mitochondria were activated, that was structurally manifested by tt
appearance of organelles having a "dumbbell* shape and constrictions. Metab
activity of cardiomyocytes was increased due to the appearance of ribosomes, polys
glycogen granies in sarcoplasm. In cytoplasm of endothelial cell processes, tt
number of micropinocytotic vesicles increased, which is a sign of activation ¢
transcellular transport of substances and electrolytes through the capillary wall.

On the background of theombined use of RECE and cCBNCs, there was ¢
tendency to restore the typical submicroscopic architecture of cardiomyocyte organe
and endothelial cells of the myocardial blood capillaries of young and aged anim
with simulated AO. The degree of mitaandrial dysfunction decreased witlriae in
the number of cristaeand appearance of mitochondria at the stage of divisior
Biosynthetic and reparative processes in subcellular structures were activated,
evidenced by the hypertrophy of the Golgi lameltytoplasmic complex, as well as an
increase in the number of ribosomes, polysomes and glycogen granules in sarcopl:
Catabolic processes were inactivated in cardiomyocytes, lipid metabolism w
normalized by reducing the loosening of intracellular femes. In endothelial cells an

activity of transcellular transport of substances and electrolytes was increased.
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Thus, the results of wtlying the effect of RECEi{ 2 G)Aand cCBNCs on

structural and functional state of the regulatory systems of younggeul rats with
simulated AO substantiate the feasibility of their use in medical practice. The obtair
experimental data expand the understanding of the mechanisms of independent
combined effect of RECE and cCBNCs on adaptatiompensatory capacityf the
animals with AO, prove the prospects of their application in young and elderly peoy
suffering from obesity.

Keywords: rhythmic extreme cold effects, cryopreserved cord blood nucleate

cells, alimentary obesity, myocardium, rats.
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Ok Clispdsds’ Yydesets ftesctej Mz (o d ¢ tstotf igB® Q tziz™
ofmd Y4 Ldedyk' odlsteOIsd jdzj tce' ~ ;

1 LB ' dzt h jdgdzw HEBBSBERZISEZ dz8 H ] 2, h s fr
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1 Blskzy dal ‘"Mt OL sdzz  * dBts o ‘ot dits o s 3z diag efndpjcddsy dzls
Il g, JjddBC @dddezikstcOdz dzdr W OCIstste® 9 dzO

HF * ykbddoddd ' dHdC OOl bkftcOs d
OHSBOY O Is! jdzj odaSA.j W' ydlsdz MmlsOdzd

1 dzd X § dzdzv  LfgO uHiwE s u t Y te SO IS wizh A dizfiAY s
L 'R MdsOdz L B HEs Misejmkz [ 296, 299,

10 M seHd "Ndg' 2 Hjde@ Bfkedz Ctso Odets |

306, 307], ftdmewyjddn L& dzOd f 5C OL dz
fMHdBdzs  Ossdzse' 2, yYOfmlss Ofsy' 259 Oded -
9 HBEoO' k' M fjtjBkHso O SOEOCK,jEk '

Mftew Bso Odz0 O " ' HisteddBBSC & § sMmis' 2 dets”’ a3 C
fitcijBkHtsod thdsoe dzgz totsdz CGtcO* dzj tco s O
sy dte’ dzdz' 9 StocHOlsiz’ w3’ d3jmly @GeEntsdz'tey dz'O, G tste d
f stolzh jdedgw, hs oadCdzd ¢ O Is+ Mlistclzfdstizdetslz’ d3'* W
75] . L dBEHYRJ~OHOfISOY" W mMdteyj o ts° H' W dz
Wistodglzdz'© J CMyd dested ydets® ¢' fJes)tc s O ' dzW © 6
csLodlsClz esMmMistesets ' deW OteSC sz d3' 8¢ OtH O,
Mz s [ 76, 78, 81, 82, 83].

1 s jtoj HdZ tcsBsisd,f Oy " & dzdcS Bdgdf dzd fen'n"
wls's 16061 vCtO]j Wad§ Is dfosdk’ Oy IO dzd m ® My IS ts fif lsh QfdZ
JSMistc] 3OEsdtsathpdedzts’ L dzedr § Olstsdzse ' ydzd
103, 105, 111]. 1 fylsO dztépzdnjodgszd 3" & ° Lt & Is
dzj " dzo OL doded &3 (3 stsH S5d3, € 'Lde QIS df dzts W QL' dfy) ddss
dzj 2 tots ¢ Iz d3ts taidfda’ * dad ~dzCd fdf’ 956 Ode®@H O 9@ IO L OcF Od
H' 0 BttcOdz Ld3 [ 15] .

108 B8fdyj dzd?2 d2O0 HOd]2 dBsdj dls HtsMe ' H
ftcOCIsdydesets L OfMmistsmizeo Odadzy ss [ 21, 2 3,
201] ftod ' Co OdzddIstsdetS d 'dds ¢ 1 O ‘to 5 HiftS ) dfd ¢
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C i3l dzjl€jMe®PR o stes 9 Odz' , hts [BOsY' 555! Mw 1

U Lo' WL §bkdq dz®H]jhdzd d3, Az tlzd Hste ) * iy toifciddg|
pjcjlOdodzs’ O ChdBstcOd destH dolj &'z dzff b5 O to ¢
BHJdzdafs ¢ §° MdY MOBSMISORDEAmsHise O dadeds ' B gzt

31. [fisBdzde s’ MkOdkz ojc¢jlkOldes dats’
BsdsH BlsOds hbkt' s L &BsHj ks Od &j d
LOMlstsikze Odzdzr tedlsds’ ydedn jSMmistej dsOdz ded R *

Il MisOdets & dzj dets, s dzsH d = Iso Oto(dtelz] . dBts HLj) dzd
L dzO ydzj Ldzd ) 4 dzdz?y  5COL dzd €' It O Odzfods HaSEZ
toj cgdivut , o f stc' o dg¥v dzdz' L C tsdzls tots dz! dats ©
(ftcOCIsduydets o 2 t0OLd)Ilsj dg lspdiz tol§ & @tcdaf dz ts B (
dedL!' SdB " odzj B Y OPopf G Pl defblzd & §f dzd o *
tcdlsdsz ftod o' HdsMdcdREz oL 0 OH O dediz’  H s
Csdzd o OdR sRfVhdzj dzls HtsdR dzlzo O dzOH o dMtsC s
LF HF) , hts dBtsy Blsd ®GBEZ®Rtse dzj des o
WOSCIstste" &8 dzO mMdodzzmtsea d?2 o kL tsdz.

[ BYd2O0 fJtedflkzmlsdisd, hts o dzslkz §f Bistsdzt
ftesyd Mz ojcilsOIsdodsaij LOBJLYJUddedzw MmJtey
fitejisHE tojckdvy' °~  &@f SfCssts diz udedR? cZ dgts talf

I'ndg §° Mmdz¥ng @deff® #6 t [ ml  (tedunt. L teBMIs)Odzd
o' Hdgtsh jdzadz®t HBOE®LIZY N hfc) B ®BOYdes L O tcO~R
Il (O M jSltcsctcOR3E o HL dZOYOdzEfY dzt B " «
Isjted3" dzd M sMmisj ted 3 J dz tc'tsmj dB0Oo u il Y BO
ChdzlstetbdiZE H L OL dzOydlilsd, Mt £ d3s dfteisfyq] HidacO t
(tedfm. 3. 1), fdz00df Hal3' 2219 dztBHiINdgBdzdzY', M ISts Is dzj
Bldag L zdz SOIssd3 " Hodh j dzdzv ©OE Isgf o dzs tlzlz ff
dzj L 3" etz gz fMd d&3f Ols d ydetsé s o " HH ' dzkz.
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lted di3': BICis Olsd Misd ydets L dzOykh* o' H d3tzdzbizts ¢
(p<0,05); #71 MisOIsdMmisd ydets L dzOylzh B tzH B6 tzdztdd
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mMf j CSlstetsc tc O3’ ' HL dzOyOdztsfyw L B * €z'od jddzdzv
My shigsQdeO MY OdzOdzsc ' Wds®d OH flaE@ d3’'o ¢ A1 g'lsde O dz.
w¢e¢ ' dsdzsHdr hEt' o.

L ©" HHOdzj dz Is j tod3' 3zd4 )H ts(alz tepj dals d Y He
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33. [MmMtsB dzd & sfyls f 5° HdzO s Is te1j” B30 das dfids &' 1
off dzdo " o ‘ Cte' sCsdzm] oo 59 Odzd n WHictse d3' f
fsCOLddCd M jSClstcOdz! detsets OdzOdz' Lz 9 Ote’ O
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CS LOLdEOYoOdtsmw twods hj ,f " rotshde SHO3ddzda” |
Cte' BW " wltsdztse "9 LSO dzd , f8C0OLOdzd [ 1°
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OCIsdobyg s * o f jtehkz yjteclk ¢ 1 stsifjdaDadfiadd?
109, 110, 113].

{MS¢ " dz € d JsHOJdEz L 3" a3 H " ss o' wL Odz
B' sz’ ydes OCIsd e dzdn tej usoddz [ 115, 1]

OClkkzOd dzd s ftoj Hls Oo dzw dztafipgd  ofdft®’ WddEQdzts Gits) S

Gclss dHdded dzO0 W Ekdz$ y' tsdz0O dzigjded ? ts tddsGod
ko Otcddz L gEHnjsRdptesdz] 15], s §' & (Rstdd
hbig' o M shis) tc el sk gy 5 fdzs v B j idfdzv iy dzwou ¢
LoCkLL odhjodS dzOH jsdzdsds suEfsat dzdeO d @ 1 * 2 )
6, O MmisOotgg Gdanlzm gzt m9 .

lteso jHjdzd?2 M JjClstcOdz' dzgd?2 OdzOdz' ‘L H de@idets
LOfMissmkze Odgdz [ ml ° Scls fgps0Odais O Pls
jSMtcj BOdz dztsets fshtsdztsH Yytdzdz® Yl gl g 3° &% 5 P
9 ' H dzts " Hj wlzdZf s dzls te 5 ddzddid o ML By j H Zted dz@ fipd iz ff
HsBlz ' fMdzwv o jsHsj deeicd i§.c 1 3. 5) tc' o jld j
LB' dz hkzoOoafmw w¢ EOABH GedigEEw so Ot d dz@ds¢
2,2 ' 3,9 t©OLd o'HiBo' Hds) o dejel b d(
M jSCtescte@R dd F ') o O Odtfy digPH. VL F
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1 33 000.
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Yydlststf dzOL 3O Is  ydzts® tsaxPuUEsRi®Ex3 5 bsdazteOmnils] 6 2
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[ dzv  fke &' C te@d s j Sysitisdz’ $d COtH' BB &
Ctoso sdzgsfded 7 SX@fcHD s Odd's "' 9 L &t
nOtcOC bigwdAPlstsC HIMlstetsW " ydedrn Hy Mistelz ¢ |
o qtcOR Hpdzd Stc” o dzv digls dztsH A3 . CHtcO COtH' ' s
C tsdzH | dzf tsmotAidki@ls i dg.tc dg® d3B tc O dzO o lstc Oy O dzO Y
MistckClskztelz, BOEZO ydmdzj dzdz' tsMmjtejHF Flstzdb
[ HaB Istsh e jSdzifSlsds dzd 2 BO g S i ez Hzs g Of

Ltsodz hdzsg 3 d3B to O ilzid3,0 dzddegh ¢’ Is 1 dis dzaitABsaET(fpfn € d3C
HJd GJdzj eOIsdo dets ( ledsdzj Waz@®EAE G s f * Mis! ' Ists
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i tcg @ &tsdglnzz’ ( edm. 7.6, 1).
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