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Effect of Extracts of Frozen-Thawed
Heart Fragments on Rats

Pedepat. B poboTi BMBY4EHO BMMMB EKCTPAKTIB KPIOKOHCEPBOBAHUX (hparMeHTiB Cepus CBMHEW Ta HOBOHaPOMXEHWX MOPOCHT
Ha opraHiam B LiNOMy Ta cepue MONOAMX i cTaTeBO3pinux wypis. BcTaHOBMNEHO, WO BBEAEHHA eKCTpakTiB npoTarom 28 fib
npu3BoANTb A0 36inNbLUeHHs LWINbHOCTI aaep B M'A3i cepusi Yy MOMOAMX TBapWH, Ha BiAMIHY Bifg CTaTeBO3pinux, ane He BNIUBaE Ha
WBKAKICTb 3MiHM Macu TBapuH Ta ix cepaeub. MokasaHo, WO eKCTpakTU He BNMMBaKTb HA MOPAONOriYHy KapTUHY KpOBi Ta
enekTpogi3ionoriyHi nokasHukM poboTu cepus TBapuH.

Knio4oBi cnoBa: ekcTpakTu, nentuam, cepue, opraHiam, CBWHI, nopocsATa, LUypw.

Pedhepat. B pabote u3yyeHo BNUsiHUE 3KCTPaAKTOB KPUOKOHCEPBMPOBAHHbLIX (PparMeHTOB cepala CBUHEN U HOBOPOXAEHHbIX
NopocsAT Ha OpraH1M3M B LiefIOM U ceppLe MOonoAbiX W MOMoBO3perbIX KPbIC. YCTAHOBMEHO, YTO BBEAEHWE 3KCTPAKTOB B TeyeHue 28
CYTOK NPUBOAMT K MOBBILEHWIO MIOTHOCTM SAep B Mblllle cepaua MONoAblX XUMBOTHbLIX, B OTMYME OT NOMOBO3PenbIX, HO He
BNMSIET HA CKOPOCTb M3MEHEHUS MaccChl XMBOTHbIX U UX cepaeu. MNoka3aHo, YTO IKCTPaKTbl He BNUSIOT Ha MOPAONIOrMYecKyto
KapTUHY KPOBM W 3nekTpodusmonormyeckne nokasarenu pabotsl cepaua.

KnioyeBble cnoBa: 9KCTpakTbl, NenTuabl, Cepaue, opraHnam, CBUHbU, NMOPOCATA, KPbICHI.

Abstract. The investigation was performed to reveal the influence of the extracts of frozen-thawed heart fragments of pigs and
newborn piglets administered to young and aged rats on an organism in general and heart in particular. Administration of the extracts
to young animals during 28 days was shown to increase the number of nuclei in the heart muscle unlike the mature rats, but did not
affect the rate of changes in the weight of animals and their hearts. No effect of extracts on blood morphology and heart

electrophysiological parameters was found.
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BuBuenns MexaHi3miB (izionoriuHoi Ta penapaTrs-
HO{ pereHeparlii, a TAKOX MOIIYK METOIB iX HOpMaJTi-
3alii 3a]MINalThCs akTyanbHUMU. Ha manuii gac
JOCIIKYIOTECS MOMIJIHBOCTI 3aCTOCYBaHHS 3 III€I0
METOO PI3HOMAHITHHX (PI3UYHHX 1 O10JOTIYHIX YHHHHU-
kiB [3, 7, 11, 21]. Ha Hami norisi, HalOUIbII TepCrek-
THBHE BUKOPHCTAHHS TKAHMHOCTICIIU(IYHIX METITHTHIX
KOMITIEKCIB, OIEpKaHMX 3 BiIIIOBITHUX OPTaHiB TBAPHH,
OCKIJIbKA BOHH MICTAThH CIIEKTP PETYSITOPHUX Mell-
THUJIIB, IO PETYIIOIOTH NpoJi)epaTHBHY aKTUBHICTb
yCiX KJIITHH, 3 IKUX CKIAAaeThes oprad [9, 19].

BukiageHe Butie B HOBHil Mipi CTOCYEThCS TIPOO-
JIeMH HOpMali3auii mpouecy perenepauii cepist npu
iH(apKTi MioKapza Ta nocTiHGapKTHOMY PyOLIIOBaHHI
TKaHUHU 13 3aCTOCYBaHHSAM TKaHUHOCTICHM(IUYHMX TeTI-
TUIIB.

Hawmm 6y1mo mokasano, 1o BUKOPUCTaHHS KpioOio-
JIOTIYHHUX TEXHOJIOT1H I03BOJIE€ OTPUMATH EKCTPAKTH
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Investigation of the mechanisms underlying physio-
logical and reparative regeneration as well as search
for the methods of their normalization remain actual.
Nowadays, the possibilities to apply for this purposes
various physical and biological factors are of interest
of the investigators [3, 7, 11, 21]. To our opinion, the
most perspective approach is an application of tissue-
specific peptide complexes, derived from appro-priate
organs of animals, whereas they contain the spectrum
of regulatory peptides, regulating proliferative activity
of all the cells, constituing the organ [9,19].

The stated above fully concerns the issue of norma-
lization of heart regeneration process after myocardial
infarction and postinfarction sclerostenosis when the
tissue specific peptides could find their application.

We have shown previously that the application of
cryobiological technologies enabled to obtain the ex-
tracts of porcine and piglet organ fragments possessing
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(hparMeHTiB OpraHiB CBUHEH 1 MOPOCST 3 BUCOKOIO 0i0-
JorigHOr0 akTHBHICTIO menTuzAiB [ 1]. [Tokazana 3amex-
HICTb BiJ BIKy TBapHH MOJEKYJISPHO-MAacCOBOTO PO3-
MOALTY MENTUIIB B Takux ekcTpakrax [2]. Tomy
JIOIIUTEHO BUBYHUTH O10JIOTIYHY aKTUBHICTH EKCTPAKTIB
cepud B 3aJI€KHOCTI BiJI BIKY TBapHH.

Merta poOOTH — JOCIIAUTH BIUTUB €KCTPAKTIB KPio-
KOHCEPBOBaHHX (PparMeHTIB cepls CTaTeBO3PLINX CBU-
uei#t (ECuC) ta HoBoHapomxenux mopocst (ECull) na
OpraHi3M i ceplie ImypiB pPi3HOTO BIKY.

Marepianu Ta MeToaHn

ExcrieprMeHTH TTPOBOIMIIN BIATIOBITHO 10 «3araiib-
HUX E€TUYHHX MPUHIHITIB eKCTIEPUMEHTIB Ha TBAPHHAXY,
cxBasnenux Il HamioHansHUM KOHTpecoM 3 0i0eTHKH
(Kuis, 2007) i moropxeHuX 3 MoJI0KEHHIME «EBpOTIEH-
CBHKOT KOHBEHIIi1 PO 3aXHCT XpeOETHUX TBAPHH, SKi BH-
KOPHCTOBYIOTHCS IS €KCIIEPUMEHTAIBHIX Ta IHIIHX
HaykoBHX 11iei» (CtpacOypr, 1986).

Ceprs cBUHEH Ta MOPOCAT NOAPiOHIOBaIM Ha (par-
MEHTH Maco0 2—5 Mr i Tpudi BiqMHUBaIIK (i310JI0TIIHIM
posunnoMm (pH 7.4). lo hbparmeHTiB OpraHis 1o Kpar-
JSX TOJIABaIK B CITIBBiHOIICHHI 1:1 po3uuH Kpionpo-
textopa [IEO-1500 3 koHnenTpauiero 20%, perensHo
1 00epeKHO TIEPEMITITYIOUH CYMIIIL, SIKY po3(acoByBaIm
B ITOJTICTHJICHOB1 aMITyii 06’ eMoM 20 MIT Ta 3aMOPOXKY-
BaJIM 31 IIBHUAKICTIO OX0JI0mkeHH | rpan/xs. DparmeHTH
3aMOpPO>KyBaJIH 3a JIOTIOMOT'OF0 IIPOTPaMHOT0 3aMOPO-
xyBada YOII-6 (CKTb 3 IB ITIIKiK HAH Vkpainn)
1o temrepatypu —70°C 3 HACTYITHUM TIEPEHECCHHIM
y piakuii a30T. Marepian BifirpiBaiu Ha BOAsSHIH OaHi
3 temmepatypoto 37...40°C. Bix kpionpoTexTopa
(parmMenTH BigMuBanu (i3ioJOTIYHUM PO3ZUYUHOM. Y
LbOMY X PO34HHI parMeHTH 1HKYOyBaJIl IPOTATOM
60 xB. CymnepHaTaHT [IpOrpiBaiy Ha BOJsHIHM Oani 15 xB
Ta (QiIBTpyBasu yepes nanepoBuit Ginstp [13].

KonmnenTpariro nenTHIiB B €KCTPaKTaX BUSHAYAIH
CHEKTPO(POTOMETPUIHUM METOIOM ITPH TOBKUHI XBHI
280 uM. [y BCTaHOBICHHS BIUIMBY €KCTPAKTiB Ha
30POBUX TBAPUH B €KCIIEPUMEHTI BUKOPHUCTOBYBAJIH
mrypiB Bikom 1 (Momomi) i 4 (cTareBo3pini) MicAILI.
ExctpakTn 3 koHueHTpamieto nmentugiB 100 Mxr/min
BBOJIWJIM B UE€PEBHY MMOPOKHUHY IIypiB 1 pa3 Ha 100y
BIIPOJIOBXK YCHOTO eKCIIEpUMEHTY. J{03a menTuais cra-
noBmia 50 mxr/aa 100 r Macu TBapuHHU.

AmHamiz neikonuTapHoi (GOpMyITH TTPOBOAMIN HA
Maskax, 3a0apeienux azyp lI-eozunom 3a PomanoBch-
kuM-1'imM3a, migpaxoByroun o 500 KITITHH y CBITIIOBOMY
Mmikpockomi (JIOMO, Pocist). KpoB mist mocnimkensb
Opaiu 3 XBOCTOBOI BEHH TBapHH.

Enexrpoxapaiorpamu (EKI') TBapun peectpyBaiu
Ha anapaTtHo-TiporpamHoMy kKomiuiekci «Ilomi-Criekrp»
(Heitpocodr, Pocis). Pesynsratn EKI™ BuKopucTO-
BYBAJIH JIJIsl BU3HAYEHHS YaCTOTH CEPIIEBUX CKOPOYECHb

2

high biological activity manifested by peptides [1]. We
also have shown how molecular and mass distribution
of peptides in these extracts depended on animal age
[2]. Therefore it is expedient to study the biological
activety of heart extracts depending on animals’ age.

The research aim was to study the effect of extracts
of frozen-thawed heart fragments procured from ma-
ture pigs (PHEs) and newborn piglets (PIHEs) on orga-
nism and heart of rats of different ages.

Materials and methods

The experiments were performed according to the
General Principles of Experiments in Animals, approved
by the 3" National Congress in Bioethics (Kiev, 2007)
and agreed to the statements of the European Conven-
tion for the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes (Stras-
bourg, 1986).

Porcine and piglet hearts were cut into 2—5 mg
fragments and thrice washed with physiological solution
(pH 7.4). Cryoprotectant PEO-1500 0f20% in 1:1 ratio
was dropwise added to organ fragments and carefully
mixed, then the fragments were packed into 20 ml
polyethylene tubes and frozen with the cooling rate of
1 deg/min. The fragments were frozen in a program-
mable freezer UOP-6 (Special Designing and Technical
Bureau with Experimental Unit of the [IPC&C) down
to —70°C with the following plunging into liquid nitrogen.
The specimens were thawed in water bath at 37...40°C.
The fragments were washed free of cryoprotectant
with physiological solution. Thereafter the fragments
were incubated for 1 hr in the same solution. Super-
natant was warmed in water bath for 15 min and filte-
red through the paper filter [13].

Concentration of peptides in the extracts was asses-
sed spectrophotometrically at 280 nm. To establish the
effect of the extracts on healthy animals experimentally,
we have used 1-month-old (young) and 4-month-old
(mature) rats. The extracts with peptide concentration
of 100 pg/ml were administrated into abdominal cavity
of rats once per a day during the experiment. Peptide
dose was 50 pg per 100 g of animal mass.

Leukogram was analyzed in the smears, stained
with azur [I-eosine according to Romanovsky-Gimza,
500 cells was calculated in each preparation in light
microscope (LOMO, Russia). Blood for investigations
was from tail vein of the animals.

Electrocardiograms (ECG) of the animals were re-
corded with Poly-Spectrum complex (Neurosoft, Rus-
sia). ECG data were used to determine heart rate (HR)
per minute and indices of cardiac rhythm: VLF, LF,
HF, the spectral intensity in the range of extremely
low (0.0033-0.04 Hz), low (0.04—0.15 Hz) and high
frequency (0.15-0.40 Hz), correspondingly, as well as
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(UCC) B xBuMHY 1 MOKa3HUKIB ceprieBoro putMy: VLF,
LF, HF — moTy>xHICTh CTIEKTpa B Aiana30Hi Ty»Ke HU3b-
kux (0,0033-0,04 I'r), au3bkux (0,04—0,15 ') Ta Brco-
kux gactor (0,15-0,40 I'ty) BigmosimHo i SDNN — cTaH-
naptHe BigxuineHnHs (SD) Hopmansaux RR-iHTEpBanis.

TBapuH BUBOAMIM 3 €KCIEPHUMEHTY LUIAXOM Je-
kamiTauii. Cepus 3BaxyBaiiu, momimaiu B 10%-ii po3-
YMH HEUTpabHOTO (popMaltiHy 1 BUTOTOBIISUIM Hapadi-
HOBI OJIOKH 3a CTaHJIapTHOI METOIUKOIO JIsl IPOBe-
JeHHS MOPQOIOTIYHUX TOCTIHKeHb. Mikponpenaparu
3a0apBIIIOBAIA T€MAaTOKCHIIIHOM 1 €O3MHOM Ta JA0CITi-
JoKyBasy Ha Mikpockori Meiji-Techno (Snonist). J{ns
00poOKM 300paKeHh BUKOPUCTOBYBAHU MPOTpamy
AxioVision Rel.4.8. Tlix yac mophoMeTpHUIHOTO aHa-
T3y miApaxoByBalu KUIBKICTh SIIEPHUX CTPYKTYD Ha
IO TKAHUHH | MM,

CraructuuHy 00poOKY pe3yJbTaTiB MPOBOAMIN 3a
JOTIOMOT 010 HenapaMmeTpuaHoro metony MANOVA,
BUKOpHCTOBYIo4uH nmporpamy SPSS Statistics 17.0.

Pe3yabTatu Ta 00roBOpeHHA

YBeIeHHS €KCTPAKTIB IIypaM MpOTAToM 28 1ib He
BHKJIMKAJIO SKUX-HeOy/Ab 3MiH y 3araJlbHOMY CTaHi 1
TTOBETIHITI TBAPHH: BOHU 3aJIMINATNACS AKTUBHIMH, KOPM
3’inany MOBHICTIO, N 3a TOTPe00I0, HOPMaJIHHO
pearyBanu Ha JOTHK. [IpH criocTepexeHHi 3a TBapu-
HaMH He BiIMi4€HO 3MiH B PO3MipiB 3iHHILIb, TOPYIICHb
TOHYCY M’5131B, IOJIO)KEHH1 XBOCTA 1 KOOPAMHALIT PyXiB.
BBeneHHS eKCTPaKTiB TAKOXK HE BIUIMBAJIO Ha YACTOTY
1 IMbuHy nuxaHHS, (i310I0TivHI
BIATIPaBJICHHS, MBUAKICTH 3MIHH
MacH TBapHH Ta iX ceplelp y Io-
PIBHSHHI 3 HOpMOIO(TabI. 1).

ITicis BBeEHHS €KCTPAKTIB Y

and SDNN, the standard deviation (SD) of normal RR
intervals.

The animals were withdrawn from the experiment
by decapitation. The hearts were weighted, placed into
10% solution of neutral formalin, thereafter the paraftin
blocks were produced for morphological research by
standard method. Microsections were stained with hae-
matoxylin and eosin and examined with microscope
Meiji-Techno (Japan). The images were processed in
AxioVision Rel. 4.8 software. Morphometric analysis
involved the assessment of a number of nuclei per
1 mm? of tissue.

Statistical processing of the results was performed
with MANOVA non-parametric method using SPSS
Statistics 17.0 software.

Results and discussion

Introduction of the extracts to rats for 28 days did
not cause any changes in general state and behavior
of animals. They remained active, ate all food, drank
when needed and normally responded to touch.
Observation did not reveal any changes in size of pupils,
disorders of muscle tonus, the position of tail and motor
coordination. Introduction of the extracts did not also
affect the frequency and depth of breath, physiological
functions, rate of change of animal mass and their
hearts if compared with the control (Tab. 1).

After introduction of the extracts to animals the
concentration of leukocytes and morphological com-

Tabnuusa 1. Maca monogux i ctateBo3pinux Lwypig (r) Ta ix cepgeub (Mr)
B HopMmi Ta npu BBegeHHi ECUC abo ECull Ha BignosigHy [oby ekcnepuMeHTy

Table 1. Mass of young and mature rats (g) and their hearts (mg) in norm and
after introducing PHEs or PIHEs to the certain experimental day

TBapHWH HE 3MiHIOBAJIHCS KOHIICHT-

S . . N
paltist JIeWKOIUTIB T2 MOP(OIOrid- A e
HUH ckian kposi (Tadum. 2 1 3). Ot-

: monogi cTaTeBo3pini

K€, IENTUAU, K1 BXOASTH 10 CKJIa- YMoBM eKcnepumenTy )

’ >, Experimental groups non-mature mature
Iy €KCTPaKTIB, HE BUKIUKAIOThH
: .- C : Maca tBapuH | Maca ceppeub | Maca tBapuH | Maca cepgeupb
IMyHHO1 BIJTIOBI/Il OPraHI3My Ha 'y~ Weight of Weight of | Weightof | Weight of
)I(OpiI[HI/Iﬁ MaTepiaﬂ. animals hearts animals hearts

Komrmnexcu TkanmHOCIIendid-

. . (I) Hopwa, 14-a no6a 62 + 4 461 = 32 179 + 11 | 710 55
HHUX IENTUIIB, SIKI BUSBJISAIOTH 010- Norm, day 14
JIOTIYHY aKTHBHICTH, OOYMOBIIEHY Ho
pma, 28-a goba

HASBHICTIO B HHX DETYIATOPHHX Norm, day 28 84 + 6 475 + 27 205 + 17 | 823 + 68
TenTHjIB (PID), BPIZ[IJ:ICHI%(SaFaTBOX Beegena ECUC, 14-a go6a o1 sa 72 o N
opraniB. EhekTHBHICTB IX BIUTUBY Introduction of PHE, day 14 - - - -
MaKCcHMajlbHa BITHOCHO TOTO Opra- Beepentia ECUI, 14-a poGa 68 + 5 450 + 39 175 + 13 | 713 + 52
Ha, 3 IKOTo BOHM BuAUIeH] [8]. s Introduction of PIHE, day 14 - -
peanizanii efbeKnB TaKMX KOMILICK- BeogeHn ECUC, 28-a gota o 16 sot s a0 | 207514 | s34 6o
ciB Ta inmuBinyansHux PIT HEeoOXin- Introduction of PHE, day 28 ® = * =
HOTO YNMOBOIO € HARBHICT: CHem: Beenewra ECuI, 28-a noda 82 %7 468 +38 | 21116 | 835+ 64
(GIYHUX pelenTopiB Ha MOBEPXHI Introduction of PIHE, day 28 * * * *

KImTHH-Mimenei [15, 20, 22, 23].
Hanpuknan, KIiTHHY TibKH B (asi
G1 MaroTh BIAMOBIIHI PEICITOPH,

MpumiTka: BiAMIHHOCTI CTaTUCTUYHO HEQOCTOBIPHI B MOPIBHSAHHI 3 HOPMOIO Ha BiAMNOBIAHY 406y Npu

BCiX yMOBax ekcnepumeHTy, p > 0,05.

Note: differences are statistically insignificant if compared with the norm to the corresponding day

under all the experimental conditions, p > 0.05
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Tabnuusa 2. JlerikoumTapHuin Npodinb KPOBi MONOAUX LLYPIB MPY Pi3HUX YMOBaX €KCNepUMeEHTY
Table 2. Leukocyte profile of blood of young rats under different experimental conditions

BmicT knituH, %
Cell content, %
YMOBU eKCNEPUMEHTY HenTpodinu
Experimental groups Neutrophils . i
Eo3unHodinm MoHouunTu NimcounTn
i X Eosinophils Monocytes Lymphocytes
nanuykoAaepHi CermMeHToAfepHi
rod segmented
HNODMa 0,3 + 0,1 19,3 + 1,6 2,1 +0,2 2,8 +0,3 75,5 + 5,6
orm
BeepneHHa ECuC, 14-a poba
Introduction of PHE, day 14 0.2 %01 234 = 1,9 2,6 £ 0,2 2,4 +0,2 71,4 + 7.1
BeeneHHa ECull, 14-a goba
Introduction of PIHE, day 14 0,6 + 0,2 20,0 £ 2,1 3,0+ 0,3 1,7 £ 0,1 74,7 £ 6,1
BeeneHHsa ECuC, 28-a noba
Introduction of PHE, day28 0,4 +0,2 22,9 £ 1,7 1,6 £ 0,2 1,8 £0,2 73,9 £ 6,9
BeepneHHA ECull, 28-a goba
Introduction of PIHE, day 28 0,3 +0,1 22,1 £ 2,0 1,8 £0,2 2,2 +0,2 73,6 £ 6,5

MpumiTka: BiAMIHHOCTI CTaTUCTUYHO HEOCTOBIPHI B MOPIBHSIHHI 3 HOPMOIO Ha BiAMOBIAHY 06y NMpW BCiX YMOBax ekcrnepumenTy, p > 0,05.
Note: Differences are statistically insignificant if compared with the norm under all the experimental conditions, p > 0.05.

Tabnuusa 3. JlenkouutapHuii Npodpinb KPOBi CTaTEBO3PINUX LLYPIB NPU Pi3HNX YMOBAX €KCNEPUMEHTY

Table 3. Leukocyte profile of blood of mature rats under different experimental conditions

BmicT kniTuH, %
Cell content, %
YMOBU eKcnepumeHTy Hetlitpodinu
E i tal Neutrophil
xperimentat groups eutrophrls Eo3uHodinmn MoHounTn NimdounTtn
i i Eosinophils Monocytes Lymphocytes
nanuykoAaepHi CermeHToAnepHi
rod segmented
Hopma
Norm 0,2 + 0,1 13,3 £ 1,5 3,1 +0,3 3,2 +0,2 80,2 + 8,1
BeeneHnHAa ECuC, 14-a noba
Introduction of PHE, day 14 0,2 + 0,1 10,0 £ 1,8 2,4 +0,3 3,6 +£0,2 83,9 + 8,2
BeepeHHa ECull, 14-a poba
Introduction of PIHE, day 14 0,3 +0,2 15,6 £ 1,9 2,2 +£0,2 2,5 +0,2 794 + 7,3
BeepneHnHa ECuC, 28-a noba
Introduction of PHE, day28 04 + 0,1 16,3 £ 1,7 3,0 +£0,3 2,8 +£0,3 77,5 + 6,4
BeeneHHa ECull, 28-a npob6a
Introduction of PIHE, day 28 0,5 +0,2 16,8 £ 1,9 2,0 £0,2 2,8 +0,2 77,9 £ 7,2

MpumiTKa: BiAMIHHOCTI CTaTUCTUYHO HEAOCTOBIPHI B MOPIBHAHHI 3 HOPMOIO Ha BiAMOBIAHY A06Y Npu BCiX yMOBax ekcrnepumeHTy, p > 0,05.
Note: Differences are statistically insignificant if compared with the norm under all the experimental conditions, p > 0.05.

BIUIMBatouX Ha siKi PII MOXXyTh 3amycTUTH LUK IPO-
miceparii. Ko Takuii CUTHAT HE HAIIHAE POTATOM
BiNOBITHOTO 4Yacy, KJIITHHU HOBEPTAIOTHCA 10 (a3u
GO [17]. Caix maTu Ha yBa3i, IO TPUTEPHA PEAKIis,
sIKa BUHHMKJIA, MOYKE 3TyYHTH B 11l ITpoLiec BiANOBITHY
KiJIbKICTh BTOPHHHHX, & Ti, B CBOIO YEPr'y, — TPETUHHUX
MIOCEePETHUKIB. B pe3ynbrari MOXINBE ITiACHICHHS
CHTHAITY Ha KiJIbKa MOPSAKIB [5], 1 caMe 3 UM MOB’ s13aHi
0i0JIOT14YHI e(PeKTH PEUOBHH, SIKi BBOJSITHCSI B OpTaHi3M
y HaaMmanux go3ax [16, 18]. Orxe, menTuau, sKi
peryioTs npodidepaTUBHY aKTUBHICTH KIIITHH,

%

position of blood (Table 2 and 3) did not change. How-
ever, the peptides comprising the extracts, do not cause
immune response of organism against foreign biologi-
cals.

Tissue-specific peptide complexes with biological
activity stipulated by the presence of regulatory
peptides (RPs) were isolated from many organs. The
efficiency of their effect is maximal towards the organ
of their origin [8]. To implement the effects of these
complexes and individual RPs the presence of specific
receptors on the surface of target cells is nesessary
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Ta6nuus 4. KinbkicTb saep knitvH Ha 1 Mm?2 3pisy
TKaHWHKU cepus MpU Pi3HWX yMOBax eKCnepumeHTy

Table 4. Number of cell nuclei per 1 mm? of heart tissue
section under different experimental conditions

TBapuHu
Animals
YMOBU eKCNepuMeHTy
Experimental groups i .
mosoal CcTaTeBO3pini
non-mature mature
Hopwma, 14-a nota 7785 + 286 | 7796 + 278
Norm, day 14
Hopwma, 28-a goba
Norm, day 28 7710 + 235 7531 + 308
BeenenHAa ECuC, 14-a noba
Introduction of PHE, day 14 | /244 +301 | 6237 %217
BeepneHHAa ECull, 14-a goba
Introduction of PIHE, day 14 | 8270 * 279 | 8122 + 331
BeeneHHa ECuC, 28-a noba *
Introduction of PHE, day 28 9175 + 217 6926 + 342
BeeneHHa ECull, 28-a poba %
Introduction of PIHE, day 28 | 9283 * 239" | 7388 + 290

*

MpumiTtka: *— BiAMIHHOCTI CTaTUCTUYHO AOCTOBIPHI B MOPIBHAHHI 3 HOPMOIO
Ha BignosigHy Aoby ekcnepumeHTy, p < 0,05.

Note: * — differences are statistically significant if compared with the
norm to the certain day of the experiment, p<0.05.

MOXYTb BIUTMBATH TUTbKY Ha KITITHHH, Ki TOTOBI BBITH
B IIUKJI TIpoJTidhepartii.

B npunHnwmi, npupoaHi i CHHTETHYHI MTOJTIMENTH TN
31aTHI IHAYKYBaTH iIMyHHY BiAmoBiae. Taka BIacTu-
BiCTB 3’ SIBJISIETHCA Y MOJIMENITHAIB, B YTBOPEHHI SIKHX
0epyTh y4acTh JBi i OLIbIIIE aMiHOKHCIIOTH Pi3HOT Oy-
noBH [4]. BescyMHiBHO, iCHY€ 3B’SI30K Mi>K MOJIEKYJISIp-
HOIO Macolo 0iomnoiiMepy 1 HOro aHTUT€HHOIO AKTHB-
HicTIO. BUpakeHICTh aHTHUT€HHUX BJIACTUBOCTEH
MIENTH/IIB TAKOXK 00yMOBIJICHA TUM, HACKLITBKH BiJIaje-
HUH B €BONIOIITHOMY BiJHOIICHHI JOHOP, BiJl IKOTO
OTPUMAHO IETITH], 1 pPELIUITIEHT, IKOMY LIe IIENTH]I BBO-
JSTh.

[Ipu Bu3HaUeHHI MUTFHOCTI siiep KIITHH Ha 3pi3ax
TKaHWHU CEPIls CTAaTeBO3PUIUX IMYypPiB CTATHCTUYHO
3HAYMMHMX BiIMIHHOCTEH I[bOTO TIOKa3HHUKA y TBAPHH,
SIKUM BBOJVUIH TICTITH/THI KOMIUTICKCH, B TIOPIBHSHHI 3
HOpMOIO He Oyio 3adikcoBaHo Hi Ha 14-Ty, Hi Ha 28-y
no0y excriepuMeHTy (Tabum. 4). [Ipu BBeneHHI Moo-
M mypam ECuC a6o ECnll va 14-1y 100y BiaMiH-
HOCTI B IIUTGHOCTI siJiep KJIITHH B OPiBHSIHHI 3 HOPMOIO
TakoX Oynu CTaTUCTHYHO HenocToBipHi (p > 0,05).
Ane na 28-y noOy ueil MoKa3sHUK y TBapHH, SKUM
Beoauiu ECuC a6o ECull, nepeBuiryBaB HOpMy Ha
19 Ta 20% BiAIIOBIAHO, @ BIAMIHHOCTI MIJK IIOKa3HUKAa-
MH y TOCTITHUX TBAPHH OYJIM CTATUCTHYHO JOCTOBIpHI
(» <0,05).

Pesynprartu migpaxyHKy KiTbKOCTI OIHO-, BO- Ta
OararosiepHUX KIITHH M’si3a CEepIs CBiAYaTh MPO
3MEHITICHHS BiTHOCHOT KITbKOCTI OHOSACPHIX KIIITHH,
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[15, 20, 22, 23]. For example, only in G1 phase the
cells have appropriate receptors, affecting which RP
can initiate a proliferation cycle. If this signal would
not come during appropriate time the cells return back
to GO phase [17]. It should be taken into account that
the appeared trigger reaction can involve into this pro-
cess an appropriate number of secondary messengers
and those in their turn can recruit tertiary messengers.
This could result in manyfold amplification of the signal
[5], and namely this is the basis of biological effects
resulted from introduction of substances into an orga-
nism even in in neglective amounts [16, 18]. Thus, the
peptides regulating proliferative activity of cells may
affect only the cells being ready to enter the prolife-
ration cycle.

Generally, both natural and synthetic polypeptides
are capable of inducing immune response. This pecu-
liarity appears in polypeptides which formation involved
two or more aminoacids of different structure [4].
There is certainly a relationship between molecular
weight of biopolymer and its antigen activity. Expres-
sion of the peptides antigen properties is also precon-
ditioned by the evolutionary proximity of donor of the
peptide and the recipient, obtaining this peptide.

Assessment of density of cell nuclei in tissue section
of mature rat heart revealed no statistically significant
differences between the norm and the animals which
obtained the peptide complexes, either to the 14" day
or the 28" day of the experiment (Table 4). Introduction
of PHEs or PIHEs to young rats did not resulted in sig-
nificant differences of cell nuclei density to the 14" day
if compared with the norm (p > 0.05). However, to the
28" day this index exceeded the norm by 19 and 20%
in the animals injected with PHEs and PIHEs respec-
tively, and differences between the indices in experi-
mental animals were statistically significant (p <0.05).

Calculation of mono-, bi- or multi-nuclear cells of
heart muscle testified to the reduction of relative
number of mononuclear cells, as well as 1.4 fold increa-
se of number of bi- and multinuclear cells (Table 5).

According to recent reports [6, 14], mononuclear
cardiomyocytes preserve capability to enter cell cycle,
finishing by karyo- and cytokinesis. Karyokinesis with-
out cytokinesis results in decrease of percentage of
mononuclear cardiomyocytes and, accordingly, in
increase of binuclear cell number. Support of mononuc-
lear cardiomyocytes pool (replicative pool) is due to
karyokinesis and completed cytokinesis. Quantitatively
the binuclear cardiomyocytes prevail in rat myocardium
and are not only the basic structural and functional
elements of myocardium, but also their main compen-
satory-adaptive stock (hypertrophied when increasing
functional load).

The analysis of heart rate variability is increasingly
widespread as the method, enabling to quantitatively
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Ta 301IbIIEHHS KIJIBKOCTI ABOSACPHUX 1 Oararosaep-
HUX KTiTHH B 1,4 pa3u (Taour. 5).

3a gaHuMH IOCIHIKEeHb [6, 14] ogHOsSAEpHI Kap-
JOMiOIUTH 30€piratoTh 3JaTHICTh BCTYTIATH B KITITHH-
HUH MK, 110 3aBEPUIYETHCS Kapio- 1 LUTOKIHE30M.
Kapiokines 6e3 nuToKiHe3y IPU3BOAUTH 10 3HUKEHHS
MPOLICHTHOT'O BMICTY OJHOSIAEPHUX KapAiOMIOLHTIB 1
BIIMTOBIZAHO /10 301IBIIEHHS KUTBKOCTI BOSICPHUX.
[linTpumKa mymmy oqHOSAEPHIX KapIiOMIOIHTIB (per-
JKaTUBHOTO IyITy) BiZIOYBa€ThCS 3a paXyHOK Kapio-
KiHEe3y 13aBepIIeHoro muTokine3y. KinbkicHo mBosaep-
Hi Kap1iOMiOIMTH ITIEPEBAKAIOTH B MiOKap/Ii IITyPiB 1 €
HE TUTLKH OCHOBHIMH CTPYKTYPHO-(DYHKIIIOHATHHUMH
eJIEeMEHTaMH MioKap/a, aJie i TOJIOBHIM KOMITICHCATOP-
HO-TIPUCTOCOBHUM HOTO pe3epBOM (TinepTpodyIoThes
IIPY TOCHJIEHH] (PYHKIIOHAJIbHOTO HABAHTAKEHHS ).

AHauti3 BapiabenbHOCTI CepIIeBOrO PUTMY HaOyBae
Bce 0BT MUPOKOTO MOLUTUPEHHS SIK METO, 110 103~
BOJISIE KUTbKICHO OXapaKTepU3yBaTh aKTUBHICTh Pi3HUX
BiIITIB BEreTaTUBHOI HEPBOBOI CHCTEMH uepe3 ix
BIUTUB Ha (DYHKIIIFO CHHYCHOTO By3J1a CEpIIs, IO MPOSIB-
JIE€THCA B KOJNMBaHHSX TpuBaimocTi RR-iHTepBamniB
CepIeBUX CKOPOYEHb [12].

SIk BumHO 3 TAOI. 6, HI OMMH 3 HABEACHUX ITOKA3-
HUKIB CEpIIEBOTO PUTMY Ta HOro BapiaGelbHOCTI Yy
TBapUH, SKHM BBOJIMIIY €KCTPAKTH, Ha 28 100y ekcrie-
PUMEHTY CTaTUCTUYHO AOCTOBIpHO (p < 0,05) He Bix-
pizHsuncs Big HOpMu. OTKe, BBEIEHHSI €KCTPAKTIB
HE BIUIMBA€E HAa aKTUBHICTb Ta CITiBBITHOILICHHS PeTYIs-
TOPHHX CHUCTEM, SIKi KOHTPOJIIOIOTh eJ1eKTpodizionoriy-
HYy aKTHUBHICTb CEpIIsl.

Tabnuusa 5. BigHocHa kinbkicTb kniTnH (%) B cepui
Monoaux LWypiB Ha 28-y 000y eKkcrnepuMeHTy
Table 5. Relative number of cells (%) in heart of young
rats to the 28" day of the experiment

KnitnHn
Cells
YmoBu
eKCnepuMeHTy .
Experimental BaratoapepHi
groups OpHoAgepHi [BoAnepHi (3 i GinbLue)
Mononuclear Binuclear Polynuclear
(3 and more)
Hopwa 303+07 | 675+40 | 220,
orm
BeeneHHAa ECuC
Introduction of 17,8 +1,3* 79,1 £ 5,4 3,1 = 0,2*
PHE
BeepneHHA ECull
Introduction of 15,4 + 1,2* 81,4 + 5,2* 3,2 £+ 0,3*
PIHE

MpumiTka: * — BiAMIHHOCTi CTAaTUCTUYHO AOCTOBIPHI B NOPIBHAHHI 3 HOPMOIO,
p <0,05.

Note: * — differences are statistically significant if compared with the
norm, p < 0.05.

characterise the activity of different parts of vegetative
nervous system via their effect on function of sinus
node of heart, manifesting in fluctuations of RR-
intervals duration of heart beats [12].

Table 6 shows that none of the studied indices of
heart rate and its variability in the animals, which were
introduced with the extracts, had significant differences
if compared to the norm to the 28" day of experiment
(p <0.05). Thus, the introduction of extracts does not

Ta6nuusa 6. MapameTtpu EKT y wypiB npu pisHNX ymoBax ekcnepuMeHTy Ha 28-y oby
Table 6. Parameters of ECG in rats under different experimental conditions to the 28th day

TeapuHu Animals
MapameTpu EKI mornofi young cTaTeBoO3pini mature
ECG parameters
BeeneHHa ECuC BeepneHHa ECull BeeneHHAa ECuC BeepneHHA ECull
HNO(?r“r’:]a Introduction of Introduction of HNO(ﬁ“r%a Introduction of Introduction of
PHE PIHE PHE PIHE
HCC, cropodeHHn/xs 497 + 29 529 + 31 490 = 24 479 = 25 460 = 19 485 = 26
Cardiac rate, beats/min - - - - - -
RR, Mc 121 + 8 119 = 11 130 + 7 125 + 6 139 + 12 130 + 9
RR .o Ms
SDNN, mc 9,1+ 1,8 1,3+ 15 10,7 + 3,2 11,1 0,9 12,4 =+ 2,9 12,2+ 1,6
SDNN, ms
VLF, mc? 12 22,1 12 1 141 7 | 1334 +2 14 2 122,7 + 2
VLF. ms? 50 + 22, 0,0 + 31,9 ,6 + 33, 33,4 + 26,0 9,0 + 20,0 ,7 + 23,6
LF, mc?
LF. ms? 29,1 £ 3,5 34,4 + 3,0 33,9 £ 2,7 25,7 £ 3,7 27,0 £ 3,1 34,5 + 3,4
HF, mc?
HF. ms? 19,3 = 2,8 15,1 = 1,2 17,6 £ 1,9 16,4 + 2,4 19,1 = 1,7 15,9 = 2,0

MpumiTka: BiAMIHHOCTI CTaTUCTUYHO HEOCTOBIPHI B MOPIBHSIHHI 3 HOPMOIO Ha BiAMOBIAHY 06y NMpW BCiX YMOBax ekcrnepumeHTy, p > 0,05.
Note: * — differences are statistically insignificant if compared with the norm under all the experimental conditions, p > 0.05.
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VY cmexTpi, ofep>KaHOMY MpPHU aHai31 KOPOTKUX
3amuciB (Bix 2 70 5 XB), pO3PI3HAIOTH TPH FOJIOBHI CITIEK-
TpaJbHI KOMIIOHEHTH 4acToT: Ayxe Hu3bkux (VLF),
Hn3bkux (LF) i Bucokux (HF). 3HauenHs moTy)HOCTI
1 LIEHTpabHa YacTOTa KOYKHOTO KOMITOHEHTA 3aJIeXKaTh
Bifl 3MiH aBTOHOMHHX MOMYJIAIIIN CeprieBoro UKy [12].

I'ymopanbHa anka perymauii podoTu cepus — e
010JI0TIYHO aKTUBHI PEYOBMHH, SIKi CHHTE3YIOTHCA
CIIeTIiaJTi30BaHIMH OpTraHaMH, TKAHUHAMH 1 KJTITHHAMH
Ta MOCTABIIAIOTHCA 10 MiOKap/ia PIAKUMH CEPEeOBH-
[aMU, BKITIOYAF0UH KPOBOOOIT 1 MUKKIIITHHHY YIBTpa-
upKyIiiro. Kpim Toro, geski akTHBHI peYOBHH CHHTE-
3YIOThCsI O€3MOCePEIHBO B TKAaHUHI Ceplsi, 30KpemMa
L€ HaTpiilypeTH4IHNI TOPMOH Mepeacep s, KOMIOHEH-
TH PEHIHAHT10TeH3aIbI0CTEPOHOBOI CUCTEMH, LIUTOKI-
HU Ta iH. BoHn O6epyTh y4acTb B perymuii He TiNbKH
poboTH cepris, aine i Beiel cucteMu kpoBoooiry [10].

OKpiM peryIaTopHOro BIJIMBY TOPMOHIB 1 IENTHIB,
3HauYHy POJb B PETyislii poOOTH cepls BiAirparoTh
MeXaHO- 1 XeMOPELEeNTOPpH, a TAKOXK MeIiaTopH, sKi
BHJIUTSTFOTHCS 13 3aKiHYCHh CHMITATUYHUX 1 ITapaciMITa-
TUYHUX HepBiB. Ko)kHMiT 3 piBHIB yIpaBIliHHS BU3HAYa€
XapaKTEepHi Mepioau KOIWBAHL PETYIHOBAHUX HUM
(yHKii. YuM BuUIIe piBEHB, TUM JOBIIE TIEpi0] KOIH-
BaJIbHUX MPOIIECIB, IO 00YMOBJIEHO OLTBIIOIO KiJIbKiC-
TIO ¥oro emeMeHTiB [12].

BucHoBknu

Beenenns monoaum mypam ECuC a6o ECull
MIPU3BOUTH JI0 301BIICHHS IITBLHOCTI Sep B M’s31
Ceplls, Ha BiIMIHY BiJl CTATEBO3PLINX, aJie HE BIUTUBAE
Ha IIBUAKICTH 3MiHM Macl TBapHH Ta iX cepiellb,
MoOpQoIIOriuHy KapTHHY KpOBi Ta eJIeKTpodizionoriuni
MOKAa3HUKH POOOTH CEpIs: YaCTOTY CEPIIEBUX CKOPO-
YeHb, BapiaOeNbHICTh CEPIIEBOTO PUTMY Ta CITiBBiIHO-
LIEHHS TYMOPAJIBHOI, CUMIIATUYHOI Ta apacuMIIaTHy-
HOT JJAHOK PeTyJTIOBaHHS POOOTH CepIs.
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affect the activity and correlation of regulatory systems,
controlling the electrophysiological activity of heart.

In the spectrum, obtained from analysis of short
records (from 2 to 5 min), three main spectral com-
ponents of frequencies could be recognized such as:
very low (VLF), low (LF) and high frequencies (HF).
Intensities and central frequency of each component
depend on the changes of autonomous modulations of
cardiac cycle [12].

Humoral link of cardiac control is represented by
biologically active substances, synthesized by speciali-
zed organs, tissues and cells, and supplied to myo-
cardium through liquid media, namely blood circulation
and intercellular ultracirculation. Moreover, some acti-
ve substances are synthesized directly in heart tissues,
particularly, these are natriuretic hormone of atrium,
components of renin-angiotensin-aldosterone system,
cytokines etc. They take part both in cardiac function,
and in the whole blood circulation [10].

Except regulatory effect of hormones and peptides,
of importance for cardiac functional control are
mechano- and chemoreceptors, as well as mediators,
release from sympathetic and parasympathetic nerve
terminals. Each of the control level determines charac-
teristic periods of fluctuations in controlled functions.
The higher level, the longer period of fluctuation
processes, which is stipulated by a high number of its
elements [12].

Conclusions

Introduction of PHEs or PIHEs to young rats results
in an increase of density of nuclei in heart muscle unlike
mature animals, and does not affect the rate of changes
in mass of the animals and their hearts, morphological
pattern of blood and electrophysiological indices of
cardiac function such as: frequency of heart beats,
variability of heart rhythm and ratio of humoral, sym-
pathetic and parasympathetic links of cardiac function
control.
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