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in Dices and Contractility of Uterus in Differently Aged Rats

Pedbepar: Ha cborogHi B CBITi 306inblUyETbCA KiNbKICTb XXIHOK, SKi BMeplle HapomKyloTb y Mi3HbOMY PenpoAyKTUBHOMY Billi, LLO
0BymMOBNOE HEOOXIAHICTL Po3pobKM NiAxXoAiB A0 HopMari3alii CKopodyBarnbHOI aKTMBHOCTI MaTku. Y poboTi MpoBedeHO eKkcrnepumeH-
TanbHe BMBYEHHS TCTOMNOrYHUX OCOBNMBOCTEN MaTku Ta ii CKOpOYyBarnbHOI aKTMBHOCTI Y LLypiB Pi3HOrO BiKY MiCNs BBEAEHHS Kpio-
ekcTpakTy criHanbHux ranmiis (KECI). KpioekcTpakT oTpumyBanu 3i CniHanbHWX raHrmiiB HEOHaTanbHMX NOPOCAT LUMASXOM TPUKPaTHOrO
3aMOpOoXyBaHHSA y disionoriyHomy posuuHi (PP) o temnepatypun —196°C i BigirpiBaHHsA 3a KiMHaTHOI Temnepartypu, romoreHisauii Ta
LeHTpudyryBaHHs. Y poboTi BUKOPUCTOBYBanu caMulb LLypiB penpoayKTuBHOro Biky (PB, 6-MicsivHi) Ta Mi3HbOro penpoayKTUBHOIO BiKy
(MPB, 14-micayHi). TBapuHam 060X BiKOBMX rpyn BBOAMAM BHYTpiwHbo4YepeBHO KECI (ekcnepumeHTanbHi rpynun) abo ®P (KOHTpomb-
Hi rpynn) npotarom 9 Ai6 no 0,2 mn. TBapuH 3abuanu Ha 28-29 foby nicns novatky BBeAEeHHS, 3abupanu dparmeHTn matkv Ans
TiCTONOrYHOro AOCHIMKEHHS | AN BUBYEHHS CKOpoYyBarnbHOI akTmBHoCcTi matkn (CAM), iHaykosaHoi okcuToumnHom (OT). Betanosne-
Ho, Wo Yy wypis MNPB 3meHwysanacsa cuna OT-iHOYKOBaHOrO i30METPUYHOrO CKOPOYEHHSt MaTku Ha 28,6% nopiBHsAHO 3i wypamun PB.
BeepgenHss KECI wypam MNPB 36inbwyBano nokasuukn CAM: yacToTy ckopodeHb Ha 25%, amnnityay ckopoyeHb Ha 9,8%, cuny
isomeTpunyHoro ckopoyeHHs Ha 30% nOpiBHSAHO 3 rpynoto Toro X Biky 6e3 BeedeHHs KECI. EdekT cnoctepiraBcs Ha ¢oHni 36epe-
XXEHHS HOpPMaribHOI ricTonoriYHoi 6y0BM MaTK1 Ta HE3MIHHOI TOBLLVHW MIOMETPItO.

Knto4yoBi crnoBa: KpioekCcTpakT, criHanbHi raHmii, HelpoTpodiYHi hakTopu, MaTka, CKopodyBarbHa aKTUBHICTb.

Abstract: To date, the number of women giving birth to their first child in late reproductive age is increasing around the world.
This stipulates a need in designing the new approaches to restore the uterine contractile activity. In this paper, the histological features
of uterus and its contractile activity have been experimentally studied in differently aged rats after the dorsal root ganglia cryoextract
(DRGCE) administration. The cryoextract was derived from dorsal root ganglia of neonatal piglets by three-fold freezing down to
—196°C in saline, followed by thawing at room temperature, homogenization and centrifugation. Here, we used the female rats of
reproductive age (RA, 6-month-old) and those of late reproductive age (LRA, 14-month-old). Animals of both age groups received
intraperitoneally either DRGCE (experimental groups) or saline (control groups) for 9 days by 0.2 ml. To days 28-29 after admi-
nistration beginning the animals were sacrificed and the uterine fragments were taken for histological examination and study of oxytocin
(OT)-induced uterine contractile activity (UCA). The strength of OT-induced uterine isometric contraction was found to decrease
by 28.6% in LRA rats vs. the RA ones. The DRGCE administration to LRA rats increased the UCA indices, namely the contractile
frequency, contractile amplitude and strength of isometric contraction augmented by 25, 9.8 and 30% respectively, as compared with
the group of the same age without DRGCE introduction. This effect was observed on the background normal uterine histological
structure and unchanged myometrial thickness.

Key words: cryoextract, dorsal root ganglia, neurotrophic factors, uterus, contractile activity.

Ha crorosHi B CBiTi 30UTBIITY€ETHCS KITBKICTh XKi-
HOK, sIKi BIIEpIE HAPOIKYIOTh Yy IM3HBOMY PEIpo-
TYKTUBHOMY Biri. Y Ie# mepion y >KiHOK CTHOCTepi-
TaEThCS 3MEHINCHHS CKOPOYYBaTbHOI AKTHBHOCTI
MIOMETPII0 MaTKH, 10 MPUBOIAUTH JI0 JTUCKOOPAUHY-
BaHHS ITOJIOTOBOI JIisUILHOCTI Ta HEOOX1THOCTI orepa-
TUBHOTO po3pomkeHHs [1, 19, 25]. ¥V 3B’sa3ky 3 uum
pO3po0OKa MiAXOMIB 10 HOpMali3alii CKOpOUYyBasb-
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Today, the number of women having their first
child at an older age is still increasing worldwide.
During this period, women may have a decreased
contractile activity of uterine myometrium, likely
resulting in labor discoordination and need for opera-
tive delivery [15, 19, 25]. Therefore, the development
of approaches to restore the uterine contractile acti-
vity (UCA) is important for current medicine.
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Hoi akTuBHOCTI Matku (CAM) € BaXKJIMBOIO IJIsI Cy-
YacHOI METUIMHHU.

Binomo, mo poauna HelporpodidHuX (aKTopiB
(H®), sxa Bxmouae ¢axrop pocty HepBiB (NGF),
Helporporauii (hakrop mMo3ky (BDNF), weliporpo-
¢in-3 (NT-3), neitporpodin-4/5 (NT-4/5), neiiporpo-
hia-6 (NT-6), mmiansHuil HEHpOTPOPIUHHUHA (hakTop
(GDNF), Bimirpae 3Hauny poib y (opmyBaHHI Ta
mMATpuMIl (QyHKIA JKIHOYOi pPErpOayKTHBHOI CH-
cremu [8, 10]. CummarnuHa iHHEpBAIis PETYIIOE
JI03piBaHHs 1 3pocTaHHs (OJTIKYIIB, CEKpelilo cTa-
TEBUX CTEpoiaiB 1 oByssamito [11]. Bigburicts Hel-
POHIB CHMITATUYHOT HEPBOBOi CHUCTEMH, SIKi MArOTh
PELENTHBHI TOJS B MaTIli, €KCIIPECYIOTh PEIEeTOPH
1o Heiiporpodiunux ¢axropis TrkA ta p75 [22, 24].
XapakrtepHo, 1o Bmict MPHK, sikuii konye petentop
p75, y martui Ha 52% Bue, HiX y MO3Ky [8]. Pa-
Hime Oyno BcraHoBieHO akTuByrounid BIUMB NGF,
BDNF i NT-3 Ha MOTOpPHKY DNIQA€HBKUX M’s3iB
KUIlIeYHuKa [9].

CriHapHI TaHIIT aHATOMIYHO CKJIAHAKOTHCS 3 TLI
YYTIMBUX HEHPOHIB, OTOYEHWX MAHTIHHUMH TIiO-
[IATaMH, MIETIHI30BaHUX HEPBOBHX BOJOKOH, IITBa-
HIBCBKAX KJIITHH. [aHDIi MaroTh CHOJyYHOTKA-
HUHHY KaIlCyiay, MICTSTh IPOIIapKH SHIOHEBPIIO 3
KPOBOHOCHHMH CynuHaMu. [IpejcTaBHUKH TepH-
(hepittnoi HelporTii (MAaHTIHHI TIIIOIUTH 1 MIBaHIBCHKI
KIITHHU) € OCHOBHHMHM KIIITHHAMH TaHIIIIB, SKi
nponykytore HO [4, 14, 28]. Takum ymHOM, Kpio-
excrpakt criHanpHux ranriiiB (KECT) sk mkeperno
H® [20] moxe OyTH BHKOPHCTAHO AJSl PETYIALii
CAM. Ipu npoMy 11 KOMTIO3HIIis Oyia 31aTHa 3011b-
LIyBaTH CKOPOUYYBAJIbHY aKTUBHICTb IIaICHBKHUX M5~
3iB ceqoBoro Mixypa [1].

3 ypaxyBaHHSIM BHUILEBHKJIAICHOTO MU MPHUITYC-
T, mo Hd-3anexxHa perynsiiss Moxe Bifirpa-
BaTW 3HA4YHy pOJb Yy peanizauii CKOpodyBaJbHOI
(yHKII{ MaTky, 3MIHIOIOYH MTapamMeTpu aKTHBHOCTI
MiOMETPIIO 3 BIKOM.

Meta poOoTH — BHUBYCHHS TiCTOJIOTIYHHX 0CO0-
JIUBOCTEN MaTKHA Ta i CKOPOUYBAJIbHOI aKTHBHOCTI
y IIypiB Pi3HOTO BIKY MICJS BBEIACHHS KPIOCKCTpPaK-
Ty CIiHAJIBHUX TaHIIIiB.

Marepianu Ta MmeToaun

ExcniepuMeHTH MpoOBOAWIM BIAMOBIIHO 10 3a-
koHy Ykpainu «IIpo 3axucT TBapWH BiJ JKOPCTO-
koro moBomkeHHs» (Ne3447-1V Big 21.02.2006) 3
JOTPUMAaHHSAM BUMOT KoMmiTeTy 3 Oioetuku IHCTH-
TYTY, Y3TODKCHHX 13 TOJIOKEHHAMH «CBPONEHCHKOT
KOHBEHIIIi PO 3aXHMCT XPeOSTHUX TBAPHH, L0 BHKO-
PHUCTOBYIOTBCS ISl JIOCHIIHUX Ta iHIIWX HayKOBHX
uinei» (Crpacoypr, 1986).

KpioekcTpakT oTpuMyBanu 3i CIiHATBHHUX TaH-
DJIiiB HEOHATAIBHHX TIOPOCAT. ['aHDIi BHILISIH
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It is known that the family of neurotrophic
factors (NFs), including the nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF),
neurotrophin-3 (NT-3), neurotrophin-4/5 (NT-4/5),
neurotrophin-6 (NT-6), glial cell line-derived neuro-
trophic factor (GDNF), is prominent in forming and
maintaining the female reproductive system functions
[7, 9]. Sympathetic innervation regulates follicle
maturation and growth, secretion of sex steroids
and ovulation [10]. Most neurons of sympathetic
nervous system, possessing the receptive fields in
the uterus express the receptors to neurotrophic
factors TrkA and p75 [22, 24]. Specifically that the
mRNA content, encoding the p75 receptor is 52%
higher in uterus than in brain [7]. Previous research
has shown an activating effect of NGF, BDNF and
NT-3 on intestinal smooth muscle motility [8].

Dorsal root ganglia anatomically consist of the
cell bodies of sensory neurons surrounded by satellite
glial cells, myelinated nerve fibers, Schwann cells.
Ganglia have the connective tissue capsule, and
contain endoneurium with blood vessels. Represen-
tatives of peripheral neuroglia (satellite glial cells
and Schwann cells) are the main ganglion cells, pro-
ducing NFs [3, 13, 28]. Hence, the dorsal root ganglia
cryoextract (DRGCE) as a source of NFs [20] may
be used in UCA regulation. Moreover, this composi-
tion showed the ability to increase the contractile
activity of the bladder smooth muscles [15].

Hence follows our assumption about a crucial
role of NFs-dependent regulation in implementation
of uterine contractile function via changing myo-
metrial activity parameters with age.

The research aim was to study the histological
features of uterus and its contractile activity in rats
of different ages after dorsal root ganglia cryoext-
ract administration.

Materials and methods

The experiments were performed in accor-
dance with the Law of Ukraine ‘On the Protection
of Animals Against Cruelty’ (Ne3447-1V of February
21, 2006) in compliance with the requirements
of the Bioethics Committee of the Institute for
Problems of Cryobiology and Cryomedicine of the
National Academy of Sciences of Ukraine, agreed
with the provisions of the ‘European Convention
for the Protection of Vertebrate Animals Used
for Experimental and Other Scientific Purposes’
(Strasbourg, 1986).

Cryoextract was obtained from the dorsal root
ganglia of neonatal piglets. The ganglia were iso-
lated and placed into 1 ml of sterile saline in 2 ml
cryotubes (BlOplastics, Switzerland). Then the cryo-
tubes were immersed into liquid nitrogen for 10 min,




i momimanu B 1 mi cTepunbHOro (i3ionorivHoro
pozunny (OP) y kpionpobipku («Bioplasticsy», [LIBeii-
uapist) o6’emom 2 mu. KpionpoOipku 3aHyproBajiu
y pigkuii a3zor Ha 10 XB, micis Yoro BimirpiBain
3a KiMHaTHOI Temmeparypu. lIpouenypy moBropio-
BaJIM I JIBivi, MICJIS YOTO TaHIWII MoxpiOHIOBaN Y
CKJITHOMY TOMOTreHi3aropi. [omorenar mepeHocH-
mu y npobipku i nentpudyrysamm 10 xB mpu 300g.
Hapnocan 30umpann, mpomyckand 4depes3 OXHOpa3o-
BHH mmpuiieBuil GuIsTp i3 aiamerpom mop 0,45 MM
(«Millipore», CIIIA), amikBoTyBasm mo 1 mi, 30epi-
raym nipu —18°C. Ilepen Buxkopuctanusm KECI pos-
Oapmsuin yaBiui OP. KinneBa koHIeHTparlisi Ouika
y KECT, sixy BumiproBanu 3a metonoM bpendopn,
ckimamana 0,3 mr/mi.

VY excriepuMeHTax BUKOPUCTOBYBaH 6- Ta 14-Mi-
CAYHUX OUIMX OE3MOPOJHUX IIyPiB-CAMUIlb, IO Bij-
noBiznae pernpoxnykruBHomy Biky (PB) Ta misHpomy
penpoayktuBHoMy Biky (IIPB) BinmoBigHo y naHoro
Buy TBapuH [23]. TBapuH Oyi0 MOAIICHO HA TPYIH
(n = 8 y xoxniit): 1 — PB i3 BBenennsim OP; 2 — PB
13 BBegenusM KECT'; 3 — I1PB i3 Beenennsim ©OP; 4 —
I1PB i3 BBenenusm KECI.

Panimre BcTaHOBIIEHO, IO EKCIIPECIS PEIENTOPIB
mo HO y mariii 3MIiHIOETBCS 3aJIeXKHO Bill €CTPallb-
HOTO MUKy [24], TOMy HEOOXigHO OyJI0 CHHXPOHI-
3yBaTH TOYATOK BBEJCHHs mpernapariB. [t 1poro
MIPOTSATOM JIBOX THXKHIB IEpe] eKCIIEPUMEHTOM Y TBa-
puH Opanu ixBoi Maszku. [0’ exuii ®P i KECT noun-
Hamu y ¢a3si ectpycy. [Ipenaparu BBOIWIN KOKHOTO
JIHSI BHYTPIIIHBOYEPEBHO TpoTsiroM 9 n1i6 mo 0,2 M.
Teapun 3a0uBanu Ha 28-29 n00y, 3a0upanu dpar-
MEHTH MAaTK{ JAJsl TiCTOJIOTIYHOTO IOCIiJKEHHS Ta
BHBYCHHS ii CKOPOYYBaJIbHOI aKTHBHOCTI.

Hnst ricTonmoriuHoro asamizy QparmeHt pora
Matku ¢ikcyBanu y 10%-my HelirpanbHOMy dopma-
niHi. [icTonorivHi 3pi3u BUTOTOBIISIN 3a CTaHAAPT-
HOI0O METOAMKOIO Ta AOCHIDKYBald 3a JOTOMOIOO
cBiTIOBOTO MiKpockomna «AmScope XYL-403» («Am-
Scope», Kuraif) 3 mudpoBoro kameporo. TOBIIHMHY
MIOMETPif0 MaTKA KOKHOI TBapWHH BUMIPIOBAIH
y 15-ti momsax 3opy (x200) 5-6 cepiitaux 3pi3iB i3
BUKODHCTaHHAM mporpamMu «AxioVision Rel. 4.8»
(«CarlZeiss», Himeuuuna).

CkopouyBalibHy aKTHBHICTh MaTKH BHBYAIM Me-
TojioM opranHoi Oani [21]. [3omboBani cmyxku (IC)
TKaHUHU PO3MIpOM 8 X 3 MM, OTpHMaHi 3 pora MaTKH,
MOHTYBAJIM BEPTHUKAJILHO y TPOTOYHOMY OCEPEAKY,
3anoBHeHOMY poszunHoM KpeOca (pH = 7,4), Tak, mo6
OZIMH KiHelb CMY>KKW OyB 3B’si3aHUH 31 CTamioHap-
HUM TpUMadeM, a APYrHd — i3 MeXaHO-eJIeKTpHy-
HuM TpancaocepoM «Grass FTO3C» («Grass Instru-
ments», CLIIA). Tpancarocep OyB 3’eqHaHUN 3 ajarn-
TepoM-MyasTUMeTpoM «KOWON B41T» («OWONy,
Kurait). Temmeparypy B ocepenky MiaTpUMyBald

followed by warming at room temperature. The
procedure was repeated twice more, then the ganglia
were ground with glass homogenizer. The homo-
genate was transferred into the tubes and centrifuged
for 10 min at 300g. The supernatant was collected,
passed through a disposable syringe filter with
0.45 pum pore diameter (Millipore, USA), aliquoted
by 1 ml, and stored at —18°C. The DRGCE was
diluted with a saline twice prior to use. The final
protein concentration in DRGCE, measured by the
Bradford protein assay, was 0.3 mg/ml.

Here, we used the 6- and 14-month-old white
outbred female rats, corresponding to reproductive
age (RA) and late reproductive age (LRA) in this
species, respectively [23]. Animals were divided
into following groups (n = &, each group): the group
1 comprised the RA animals injected with saline;
the group 2 consisted of RA rats received DRGCE;
the group 3 was made of LRA animals administered
with saline; the group 4 was LRA ones with DRGCE.

Since the dependence of a change in NFs receptor
expression in uterus on the estrous cycle has been
previously established [24], the onset of drug
administration should be synchronized. For this pur-
pose, the vaginal smears were taken from the ani-
mals within two weeks prior to experiment. The
saline and DRGCE were injected during the estrus
phase. The drugs were administered intraperitoneally
by 0.2 ml, daily for the next 9 days. To days 28-29,
the animals were decapitated with taking uterine
fragments for histological examination and study
of contractile activity.

For histological analysis, a fragment of uterine
horn was fixed in 10% neutral formalin. Histological
sections were made according to the standard tech-
nique and examined using a light microscope
‘AmScope XYL-403” (AmScope, China) with a di-
gital camera. The thickness of uterine myometrium
of each animal was measured in 15 fields of view
(% 200) of 5-6 serial sections using the ‘AxioVision
Rel. 4.8’ software (CarlZeiss, Germany).

The uterine contractile activity was measured
by the organ bath technique [21]. The 8§ X 3 mm
isolated strips (ISs) of tissue, procured from uterine
horn, were mounted vertically in a chamber filled
with Krebs solution (pH = 7.4), so that one end
of strip was attached to a fixed holder, and the
other to mechano-electric transducer ‘Grass FT03C’
(Grass Instruments, USA). The transducer was
connected to ‘OWON B41T’ multimeter adapter
(OWON, China). The temperature in a chamber
was maintained at 37°C. Prior to experiment, the
ISs were incubated for 60 min under isometric
conditions with 1 g load. The oxytocin (OT) at 4 nM
final concentration was used to study the induced
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Ha piBHi 37°C. Ilepen excnepumentom IC iHKyOy-
BaJIM MPOTSroM 60 XB y 130METPHYHHUX YMOBAaX 3 Ha-
BaHTaXeHHsM | T. J{s BuB4eHHs iHIyKoBaHOi CAM
BUKOpHCTOBYBaIH okcuTolMH (OT) y KiHIEBid KOH-
nenTpanii 4 HM. 3a KpUBUMHU CKOpOUYEHHS BH3HaYa-
U HacTymHI mokasHukn CAM: 9acToTy CKOpOYeHb
(1C), ammurityny ckopouens (AC), cuiny i30MeTpud-
Horo ckopoueHHs (CIC).

YacToTy CKOpPOUEHb PO3PaXOBYBAIH SIK CEPEIHIO
KITBKICTh IHKIIIB CKOpoueHHs-po3cnabienns IC 3a
5 xB, AC — sIK cepeiHIO BUCOTY ITiKa Ha KPUBii CKOPO-
yeHHst. CHITy 130MeTpUYHOT0 CKOpodeHHs ((T X ¢)/cm?)
BH3Ha4au 3a merogoM J.W. Rhee Ta cmiBabr. [21] sik
BIJIHOIICHHS IUIONI IiJ KpUBOK cKopoueHHs IC,
Ky peecTpyBaiu mpotsarom 10 XB, 1o miomi mo-
nepeunoro nepepisy IC. Ilpu upomy miomy more-
peunoro nepepizy IC po3paxoByBainu 3a GopMyIOIO:

S=m/pl,

ne m — maca IC, | — mosxwuna IC, p = 1,05 r/cm® Biz-
noBigHo 10 podortu R. E. Garfield Ta cniBasr. [15].

Pesynbratn npencrasmsuin 'y Burmsiai Me (Ql;
Q3), ne Me — meniana; Q1, Q3 — 1 Ta 3-i kBapTuii
BiiroBiiHO. CTaTUCTUYHY 3HAUYIIICTh BiIMIHHOCTEH
MK TIpynamM# OIHIOBaJHM 3a JONOMOIOI0 Hemapa-
METPUYHOTO KpuTepito Manna-YitHi. BigminnocTi
BBaKaJM 3HadyImuMu npu p < 0,05.

Pe3ysabTaTn T2 00rOBOpEeHHS

VY mypiB ycix eKCHepUMEHTAIbHUX TPyl Marka
Maja HOpMaJbHY TicTONOTiuHy OymoBy. B enmomer-
pii TBapuH, skuMm BBommm P, Bu3Hauammcs maBa
[apw: emTeiadbHuH 1 BJacHa IUIaCTHHKA, yTBOPEHA
MyXKOK BOJOKHUCTOIO CITOJYYHOK TKaHWHOIO, SIKa
MICTHTh MaTKOBi 3aJI03U. 3aJI€)KHO Bifl €CTPAILHOTO
LUKy SHIOMETpil Oylno TpencTaBleHO KyOidHUM
a00 MWJIIHAPUYHUM CIITEIIEM 3 eJIEMEHTaAMH MITO-
3iB y ziecTpyci Ta mpoectpyci (puc. 1, A), sickpaBo
BUPAXCHOIO JIETeHEPaIli€l0 3aJ03UCTOTO CIITENiI0 Ta
JeHKoLUTapHOIO 1HQIIBTpaLieto B ectpyci (puc. 1, C),
OJTHOYACHO 3 SBUIIAMH MITO3IB 1 JereHepalliero
KIIITHH emiTenio B MeTaectpyci (puc. 1, E). ¥V wmio-
MeTpii BU3HAYaNUCS TPHU LIAPH IVIaJCHBKO-M’s30-
BUX KIITHH, PO3TAallOBAaHUX LHUPKYJISPHO, KOCOIMO3-
JOBXHBO Ta II03I0BXKHBO, BIOKPEMIIEHUX OIUH
BiJl OJJHOTO MpPOLIAPKaMM MyXKOi CIOIY4HOI TKaHU-
HHU.

INicTonoriuamii aHami3 OymOBM CTIHKHM MaTK{ Ta
eHgoMeTpito y TBapuH i3 BBemeHHsIM KECIT Ta OP
pizuuti He BusaBmB (puc. 1, B, D, F), sk i xinpkicHnii
aHaJTi3 TOBIIMHU MIOMETpIito (Tabmuiis).

[3011b0BaHI CTPIUKKM MaTKH IIypiB YCIX IpyI Xa-
paktepusyBanucs 6azanpHOI0 CAM, sika MPOSIBIIS-
nacs y BUIVISII PIAKICHUX CIIOHTaHHUX PUTMIYHHX
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UCA. The UCA indices, namely the contractile fre-
quency (CF) and contractile amplitude (CA), strength
of isometric contraction (SIC) were determined by
the contraction curves.

The contractile frequency was calculated as the
average number of contraction — relaxation cycles
of ISs within 5 min, the CA was done as the ave-
rage peak height on contraction curve. The strength
of isometric contraction ((g x s)/cm?) was determi-
ned by the method of J.W. Rhee et al. [21] as the
ratio of area under IS contraction curve, recorded
within 10 min, to the cross-section area of IS. The
cross-section area of IS was herewith calculated
by the following formula:

S=m/pl,

where m is the IS mass, 1 is the IS length, p =
1.05 g/ecm? as described by R.E. Garfield et al. [15].

The results were presented as Me (Q1; Q3), where
Me is the median; Q1, Q3 are the 1% and 3™ quartiles,
respectively. The significance of differences between
groups was assessed using the nonparametric Mann-
Whitney test. The differences were considered sig-
nificant at p < 0.05.

Results and discussion

The uteri of rats from all experimental groups
were of normal histological structure. The endo-
metrium of saline-injected animals showed two
layers, namely epithelial and lamina propria, formed
by loose fibrous connective tissue, containing uterine
glands. Depending on the estrous cycle, the endo-
metrium was represented by either cuboidal or colum-
nar epithelium with mitotic elements during diestrus
and proestrus (Fig. 1A), a pronounced degeneration
of glandular epithelium and leukocyte infiltration
during estrus (Fig. 1C), simultaneously with mitotic
signs and degeneration of epithelial cells during
metaestrus (Fig. 1E). Three layers of smooth muscle
cells arranged circularly, obliquely, and longitudi-
nally, separated by layers of loose connective tissue
were seen in myometrium.

Histological analysis of uterine wall and endo-
metrium structure (Fig. 1B, D, F), as well as quan-
titative analysis of myometrial thickness (Table)
displayed no difference in animals received DRGCE
and saline.

Isolated uterine strips of rats from all groups
were characterized by basal UCA, manifested in rare
spontaneous low amplitude rhythmic contractions
(Fig. 2). The application of 4 nM OT increased the
contractile frequency and amplitude. Herewith, the
contraction curve had two pronounced components:
tonic and phase ones.
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Puc. 1. MikpodoTorpadii rictonoriyHux npenaparis eHAOMETPil0 MaTku LwypiB 3a ymoB BBefeHHs ®P (A, C, E) abo
KECT (B, D, F): A, B — niectpyc; C, D — ectpyc; E, F — meTaectpyc. 3abapBrneHHsi reMaToKCUMiHOM Ta €03UHOM.

Fig. 1.

Micrographs of histological preparations of uterine endometrium of rats injected with either saline (A, C, E)

or DRGCE (B, D, F): A, B —diestrus; C, D — estrus; E, F — metaestrus. H&E stain.

CKOPOYEHb HEBEIINKOI aMILTITYH (puc. 2). Arrikaris
OT y xonnentparii 4 HM npuBoauiIa 10 301bIICH-
HS 4acTOTH Ta aMIUITYAu cKopoueHb. [Ipu npomy
BUJ| KPUBOI CKOPOUEHb MaB JIBa BUPAXKEHUX KOMIIO-
HEHTH — TOHIYHUH Ta (a30BuUH.

Bazanpna UC He Bimpi3HANacs MK TpyrnaMu
mypiB pisHoro Biky (tabmuist). Cuina i3oMeTpuu-
Horo ckopoueHHs y mypiB [IPB i3 BBenenusim OP
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There was no difference in basal CF between
the rat groups of different ages (Table). The strength
of isometric contraction in the saline-injected LRA
rats (group 3) was 28.6% (p = 0.022) lower vs. the
RA rats with saline (group 1).

In RA rats, the UCA indices (basal and OT-
induced CF, CA and SIC) did not significantly differ
in groups, received either DRGCE or saline (Table).
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(rpyma 3) Oyna Ha 28,6% (p = 0,022) Hmxue, HIK
y mypiB PB i3 BBenenusim ©P (rpyna 1).

VY mypiB PB nokasaukun CAM (6a3zanpHa Ta OT-
ingykoBana YC, AC i CIC) 3nauyme He Biipi3HA-
nucs B rpymnax i3 BBeneHHsIM KECI a6o OP (tabmurs).
VY mypis [1PB micist BBenennst KECI ciocrepiranocs
3Hauyme 30inbmenHs OT-innykoBanoi UC nHa 25%,
AC —na 9,8% ta CIC — Ha 30% mopiBHAHO 3 TPYTIOI0
TOTO X CAMOTO BiKy TBapwH, KM BBOIUIH DP.

Hame nmpumymenns npo Te, mo KECI i, mox-
JUBO, po3MimieHi B HpboMy H®D, MOXyTh BIIIMBATH
Ha CAM, miaTBepAMIIOCS pe3ysIbTaTaMu JI0CIiKEHb.
VY mypis [IPB, sxi orpumyBanm KECI™ mpotsrom
9 ni0, 3Hauyme migBUIIMIKCS mokazHUKH CAM
MOpIBHSIHO 3 TBapuHamu, skuM BBoawin DP. Ha
KOPUCTh TOTO, IO IIei edeKT peanidyeThcsi HE 3a
paxyHoK rineptpocii abo rinepmiasii riageHbKOM si-
30BUX MIOLMTIB, CBig4aTb HOPMaJbHI MOKa3HUKH
CepeIHbOI TOBITMHHI MiOMETPi0 MaTKu (TaOnuIIs).

Otpumani JaHi MOXHa IOSCHUTH HAaCTYITHHM
guHOM. [lepudepryna iHHepBallisi MaTKH TIPECTaB-
JICHa 4y TJIMBUMH, NapaCUMIIaTHYHUMH Ta CUMIIATHY-
HUMM HEHPOHAMH, SIKI PETYNIOIOTh CKOPOUYYBaJIbHY
AKTUBHICTh TNIAJICHBKUX M s3iB, HAIOBHEHHS MIKpO-
UPKYIATOPHOTO Pycia, CEKPEITifo 3aJ103 1 BiAIMOBI1a-
I0Th 3a Tepenady iHpopMallii y IeHTpaibHy HEepBO-
By cuctemy. Bimomo, 1o ¢izionoriuai mepeOymoBu
iHHepBallii MaTku BifOyBalOTHCS MPOTATOM BCHOTO
PENPOAYKTHBHOTO MEPioy KUTTS 1, HAcAMIIEPEI, ITiJ]
yac BariTHocTti [2, 3, 6, 16, 29]. Perynsuis nenep-
BaIlii i pereHepariii HEpBOBHUX 3aKiHUEHb y MaTIli 3Ha-
XOIISATHCS TiJI KOHTposieM ectporeHiB ta HD [5, 6,
17]. Beranosneno, mo H® ta H®-noxidni dakropu
CHHTE3YIOThCSl Oe3rmocepeiHb0 B eHAOMETpil i Mio-
Metpii matku [6, 7]. Kpim Toro, B opraHi mupoko
excnpecoBani pernentopu g0 HO [24], a y TBapuH i3
TeHETUYHO-JICTEPMIHOBAaHUM Je(PEKTOM LBOTO MYy
pelenTopiB TMOPYIIYETbCA  (Pi3iONOTIYHUNA TpoIiec
peMoneIoBaHHs iHHepBalii Matku [6]. Y mociia-
xkerui D. Krizsan-Agbas Ta cmiBaBt. [17] BcTaHOB-
JIEHO, MO EKCIUIAHTH MIOMETpPIil0 BUKIHUKAIH PICT
Ta PO3Tady)KECHHS aKCOHIB KJIITHH HEPBOBUX TaHT-
JiiB mix yac X CyMICHOTO KyJIBTHBYBaHHS iN VItro.
SIKIo HEeWpoTUTaCTHYHICT, MaTKM Ta peaiizamis il
HOPMaJIbHOT CKOPOYYBaJIbHOT (PYHKIIIT 3aJIEKUTH 30K-
pema, it Bix H®, To MOXXHA TPUITYCTUTH, IO OTPH-
Manuii edekr migBumeHHss CAM noB’s3aHuii 31
30inbLIeHHsM piBHA H® 3a paxyHOK iX €K30reHHOro
BBeaeHHs y cknani KECI. OnHak ciin BpaxoByBaTH
TOW (akT, mo iHmN OiO0JOTiYHO AKTHBHI PEYOBHUHH
KPIOEKCTPAKTy MOXYTb TAKOJK BUKJIMKATH LEH e(eKT.

[Tomepeani ekcriepuMeHTAIbHI  JTOCTiKEHHS
M. Elmes Ta cmiBapBt. [13] moka3anau, IO CIIOHTaH-
Ha CKOpOUYyBallbHa aKTHUBHICTh MIOMETpil0 y CTa-
pux 24-MicSYHHX IMypiB Oylia BTpUYi HIDKYOIO, HIXK
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Puc. 2. PenpeseHTaTuBHi KpuBi ckopoyeHHs IC maTku Ly-
piB: BEPXHIi TPEK — CMOHTAHHI CKOPOYEHHS; HUXKHIA TPeK —
OT-iHAYKOBaHi CKOPOYEHHS.

Fig. 2. Representative curves of rat uterine IS contractions:
upper track is spontaneous contractions; bottom track is
OT-induced ones.

The LRA rats after DRGCE introduction displayed
a significant increase in OT-induced CF, CA and
SIC by 25, 9.8 and 30% respectively, as compared
with the saline-injected group of the same age.

These findings confirmed our assumption that
DRGCE and, likely NFs within it, could affect the
UCA. The LRA rats, received DRGCE for 9 days,
showed a significant increase in UCA indices as
compared with the saline-injected ones. The fact
that neither hypertrophy nor hyperplasia of smooth
muscle myocytes can produce such an effect is
evidenced by normal average thickness of uterine
myometrium (Table).

Our findings may be interpreted in the follo-
wing way. Peripheral uterine innervation is repre-
sented by sensory, parasympathetic and sympathetic
neurons, regulating the contractile activity of smooth
muscles, microvasculature filling, gland secretion,
and being responsible for information transfer to
the central nervous system. It is known that physio-
logical rearrangements of uterine innervation occur
throughout the reproductive period of life and,
above all, during pregnancy [1, 2, 5, 16, 29]. Regula-
tion of denervation and regeneration of nerve en-
dings in the uterus are controlled by estrogen and
NFs [4, 5, 17]. The NFs and NF-like factors were
found to be directly synthesized in uterine endo-
metrium and myometrium [5, 6]. Furthermore, the
NF receptors are widely expressed in a body [24],
and a physiological remodeling of uterine inner-
vation is disordered in animals with a genetically




MoKa3HMKN TOBLLMHN MIOMETPIIO Ta CKOPOYYyBasibHOT akTUBHOCTI MaTKM LLYPIB Pi3HMX rpyn Micns BBeAEHHS 4oi3ionoriyHoro
pO34nHy abo KpioeKCTpakTy ChiHanbHWX raHrmiis

Indices of uterine myometrial thickness and contractile activity of rats from different groups

after either saline or DRGCE administration

Mpynmn 1 1a 2 pynn 3 ta 4
Groups 1 and 2 Groups 3 znd 4
[Moka3Huk
Index
®P KECT P Mix rpynamu ®P KECT P MiX rpynamu
Saline DRGCE p between Saline DRGCE p between
groups groups
ToBLWMHA MIOMETPID, MKM 116 115 0.601 125 112 0,297
Myometrial thickness, yum (99; 135) (114; 138) ! (119; 185) (112; 115) !
BaszanbHa YC, ckopoyeHb/5 xB 1,0 2,0 2,2 2,0
Basal CF/5 min (1,0, 1,0 1,0/ 2,2) 0,296 (1,7 2,6) (1,0; 2,0) 0.327
OT- ingykoBaHa YC, ckopoueHb/5 xB 4,0 4,5 0.094 4,0 5,0 0.015*
OT-induced CF/5 min (2,8; 4,0) (4,5; 5,5) ! (3,3; 4,0) (4,5; 5,0) !
OT- iHnpykoBaHa AC, mH 11,25 11,98 0.676 11,42 12,55 0.001*
OT-induced CA, mN (11,23; 11,66) | (10,90; 12,52) ! (10,73; 11,61) | (11,96; 12,68) !
OT- ingykosana CIC, (r x c)/cm? 46,0 441 0.531 32,8 42,7 0.036*
OT-induced SIC, (g x s)/cm2 (40,7; 69,6) (39,6; 49,5) . (31,0; 34,5) (42,2; 49,1) !

MpumiTka: * — NOKa3HWMK 3HaYYLLEe BiApi3HAETBCA MiX rpynamu BignosigHoro Biky 3 BBegeHHsaM KECIT ta ®P, p < 0,05.
Note: *— index is significantly different between groups of corresponding age, received DRGCE and saline, p < 0.05.

y Mononux 8-micsiuHux. Mexani3zm 3HmkeHHs: CAM
i3 BIKOM JoTemnep JeTalbHO HEe BUBYEHO. Pamimie
OyJ0 BCTaHOBJICHO, IO TPUYMHA HE TIOB’s3aHA 3
eKCTIPeci€l0 TPhOX OCHOBHUX OLIKiB, acoriiiioBa-
mux i3 CAM: PTGS2, CAV-1 i GJA1 [13]. Bigomo,
0 3 BIKOM Yy MaTIli 3MIHIOETBCS CKCIpEecCis TCHiB,
SKi KOMYIOTh 1OHHHWHA TPAHCIIOPT, METa0OJi3M cTe-
pPOIMHUX TOPMOHIB 1 PENENnTOpiB A0 YTEPOTOHHKIB
[13]. ¥V Hamux eKCHmepuMEHTax He CIIOCTepIraiocs
3HAYYIIO1 Pi3HHMII 0a3aIbHOI CKOPOUYBaJIbHOT aKTHB-
Hocti IC, oTpumaHux i3 Matku 6- 1 14-MicsyHHX
mypiB. OgHak cuna OT-iHAYKOBaHOTO CKOPOUCHHS
IC y urypis I1PB 0Oyna Hikuoro, Hik y mypis PI1.
OKCHUTOLIMH € HEeHpONEeNnTHAOM-yTEPOTOHUKOM,
skui perymoe CAM He TiNbKM MijJ 4ac TOJOTiB,
ajne ¥ MpoTArOM BCHOTO PEMPONYKTUBHOIO IEPiOLy
KUTTA KiHKH [18, 26]. Beranosneno, mo dazoBuit
komrtoHeHT OT-iHmaykoBaHOT BiNOBiMI TIAAEHBKHUX
M’sI3iB MATK{ TOB’si3aHUi 13 mputokoMm ioHiB Ca*
yepe3 MOTEHIAN-3aJISKHI KaJbIi€Bl KaHAIM, TOJI
SIK HOTO TOHIYHUI KOMIIOHEHT OOYMOBJICHWI BIUIU-
BOM Ha pelentop-3ainexHi kaHamu [12]. Pementop
no OT — e TpaHcMeMOpaHHUI OUIOK, SIKUI Haje-
XKHUTh JI0 CYHNEPPOIUHM PELENTOpPiB, acoliioOBaHUX
i3 G-0inkom (GPCR) [27]. Ilix yac 3B s3yBanHs OT
i3 peUenTopoM OJHOYACHO AaKTUBYIOTHCA JACKiJIb-
Ka NUBIXiB, sKi BeAyTh 10 nosisu CAM. OCHOBHUM
€ TIpoLieC Tiepeadi curaaiy yepes cucremy G-0110k —

determined defect of this receptor pool [5]. D. Kriz-
san-Agbas et al. [17] have found the myometrial
explants to induce the growth and branching of
nerve ganglion cell axons during their co-culture in
vitro. If the uterine neuroplasticity and implemen-
tation of its normal contractile function depend
particularly on NFs, the obtained effect of UCA
increase may be assumed as associated to a rise
of NFs level due to their exogenous introduction
within the DRGCE. However, the fact that other
biologically active substances of cryoextract may
also produce this effect should be taken into ac-
count.

Previous experiments of M. Elmes et al. [12]
showed the spontaneous contractile activity of myo-
metrium in aged 24-month-old rats to be three times
lower than in young 8-month-old ones. The mecha-
nism of UCA reduction with age is still not widely
understood. The reason of such a decrease was
previously shown as not related to the expression of
three major UCA-associated proteins: PTGS2, CAV-
1 and GJA1 [12]. It is known that the expression
of genes, encoding an ion transport, metabolism of
steroid hormones and uterotonic receptors, changes in
the uterus with age [12]. Our experiments displayed
no significant difference in basal contractile activity
of ISs, obtained from uterus of 6- and 14-month-
old rats. However, the strength of OT-induced re-
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¢docdomninaza C —inozuron 1,4,5-rpudocdar (InsP3).
Kpim Toro, curnan mepenaerbcs uepes MAP- Ta
Rho-kiHa3m, mo crpusie HE TUIBKH CKOPOYEHHIO
MIOMETpito, alleé ¥ 30IIbIIeHHI0 MPOMYKINi mpoc-
tanmanauHiB. Jocaimkenns M. Elmes Ta cmiBaBT.
[13] 1mO3BOJNSAIOTH NPUITYCTUTH, IO BIKOBI 3MiHH
CAM ctocytoteest, Hacammepen, G-0imok-acorilio-
BaHOI CTUMYJIAIIIT Ta CKOPOUCHHSI.

Pesynbratn Hammx eKCIEPUMEHTIB  TOKa3a-
M OUTbIIy YyTIUBICTH Miomerpiro mypiB IIPB no
BBeneHHss KECI, ockimbku Oyo BCTAHOBJICHO Tif-
BunieHHs nokasHukiB OT-ingykosanoi CAM. VY mry-
piB PB Takoro edekry He crocrtepiranocs. lanuii
(hbakt y3rokyeThcs 3 pesyibraramu podotu M. El-
mes Ta cmiBaBT. [13], siki BCTAHOBWJIN OLIBII BHUCO-
Ky YyTJIUBICTh MaTKH CTApHX IIYypPiB 10 YTEPOTOHH-
KiB.

Takum unHOM, Hamu mnokazano, o KECI' mpo-
sBisie ctumymotouy fito Ha CAM mypis [IPB 6e3
3MiHH ii OCHOBHHUX TiCTOJIOTIYHHX XapaKTEPHCTHUK.
Ockutekn KECI' € cki1aHOI0 KOMIIO3HUIIIEI0, HEO0O-
XigHl TOHanbIIl JOCHIHKEHHS [UIS BCTAHOBJICHHS
CKJIaJ0BHX, SIK1 BIINIOBIJAIOTh 3a OIMKMCAHMI 010J10T14-
HHAN e(DeKT.

BucHoBkn

VY poOoTi JOBEICHO 3HIKEHHS 3 BIKOM CKOpOT-
JIMBOi AaKTUBHOCTI MAaTKH, IO MOB’si3aHa 3 peler-
TOPHUM MEXaHi3MOM CKopodeHHs. [Ipo 1e cBiguuTh
naginas Ha 28,6% cuim OT-iHaykoBaHOTO i30Me-
TPUYHOTO CKOPOYEHHS 130JbOBAHUX CMYKOK MAaTKH
14-MicsYHUX LIYpiB Y MOPIBHSHHI 3 O-MiCSYHUMHU.
Benenuss KECI' sk 010JIOrYHO aKTHUBHOI KOMIIO-
3WIIii, M0 MICTHTh HeHpOoTpodiuHi (hakTopH, CIIpH-
si€ BIZIHOBJICHHIO MapaMeTpPiB CKOPOYEHHS MAaTKH
y 14-micaunux mrypis: YC — Ha 25%, AC — Ha 9,8 %,
CIC — na 30% B NOpPIiBHSAHHI 3 HIypaMH TOI'O X BiKy
0c3 BBenenus KECI. [lanuii edekT crmocTepiraeTh-
cs Ha (QoHi 30epeKeHHS] HOPMAJLHOT TiCTOJMOTIgHOT
OyIOBM MAaTKH Ta HE3MIHHOI TOBITUHU MiOMETPITO.
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duction of IS in LRA rats was lower vs. the RA ones.
Oxytocin is the neuropeptide-uterotonic agent, regu-
lating UCA not only during labor but throughout
a woman'’s reproductive life as well [18, 26]. It has
been established that the phase component of OT-
induced response of uterine smooth muscles is
associated with the Ca*" ion influx through potential-
dependent calcium channels, whereas its tonic
component is due to the impact on receptor-depen-
dent channels [11]. The OT receptor is a transmem-
brane protein, belonging to the superfamily of G-
protein-coupled receptors (GPCR) [27]. When OT
binds to the receptor, several pathways are simulta-
neously activated, resulting in the UCA appea-
rance. The main pathway is the signal transmission
through the G-protein — phospholipase C — inositol
1,4,5-triphosphate (InsP3) system. In addition, the
signal is transmitted through MAP- and Rho kinases,
thereby promoting not only the myometrial contrac-
tion, but increase in prostaglandin production as
well. The study of M. Elmes et al. [12] suggests
the age-related changes in UCA to be primarily
associated with the G-protein-coupled stimulation
and contraction.

Our findings displayed a higher sensitivity of
LPA rat myometrium to DRGCE introduction,
evidenced by an increase in OT-induced UCA. Such
an effect was not observed in RA rats. This fact
is consistent with the results reported by M. Elmes
et al. [12], who found a higher sensitivity of aged
rat uterus to uterotonics.

Thus, we have shown the DRGCE to have a
stimulating effect on UCA in LRA rats without
changing its basic histological characteristics. Since
DRGCE is a complex composition, further studies
are needed to identify the components responsible
for the described biological effect.

Conclusions

In this research a decrease with age in the con-
tractile activity of the wuterus, associated with
the receptor mechanism of contraction, has been
confirmes. This is evidenced by a 28.6% reduction
in the strength of the OT-induced isometric
contraction of isolated uterine strips in 14-month-
old rats compared with 6-month-old rats. The intro-
duction of DRGCE as a biologically active com-
position containing neurotrophic factors, helps to
restore the parameters of uterine contractions in
14-month-old rats: heart rate — by 25%, CA — by
9.8%, SIC — by 30% compared with rats of the same
age without introduction of DRGCE. This effect
is observed on the background of maintaining the
normal histological structure of uterus and constant
myometrium thickness.
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