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Peptidoglycan modulates rat myometrial contractility

via Ca?* release from SR
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The aim of current trial was to investigate the SR role in the peptidoglycan elicited alteration of myometrial
contractility. For the study we used peptidoglycan from Staphylococcus aureus. In order to assess the
peptidoglycan’s effect on myometrial contractility under different conditions we used the method of
tensometry and took into account the average amplitude, frequency and the area under the curve of the
myometrial contractions. The results of our experiments confirmed our suggestion that peptidoglycan
activates myometrial contractility due to the SR depletion via IP3 receptors activation as well as the
amplification of transmembrane Ca’" influx. Under peptidoglycan the amplitude of myometrial contractions
increased by nearly 7,0 +0.346% [n=10] compared to the control. The area under the curve increased
by nearly 30,0 = 0.256% due to both the amplitude and the duration of contractions. In our study we
demonstrated that peptidoglycan makes the myometrial strip to contract even in the Ca’*-free environment
throughout a few minutes. Also we demonstrated that phospholipase C blockade with U”3'?? doesn t prevent
entirely the stimulation of myometrial contractions by peptidoglycan. Phospholipase C blockade resulted in
statistically unreliable increase in the amplitude of the peptydoglycan-stimulated myometrial contractions,
their frequency decreased by 47 + 1.05% and the area under the curve of single contraction decreased by
nearly 56 = 1.2%. But 2APB, a non selective IP3 antagonist, entirely reduced the peptidoglycan-stimulated
contractions. We suggested that peptidoglycan acts via several pathways simultaneously and Ca*" release
from SR via IP3 receptors activation is among them.
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INTRODUCTION

Myometrial contractile activity is one of the main
factors required for the realization of the female
reproductive capacity. Normal contractility is
necessary to empty the uterine cavity during
the menstrual, for the active transport of sperm
from the vagina to the fallopian tubes and for
embryo implantation. It determines the tropism
of myometrium itself, uteroplacental circulation,
safe childbearing and parturition [1, 2]. Pelvic
inflammatory diseases of infectious origin
are the most common cause of myometrial
contractility disorders and infertility [3, 4].
Recent studies demonstrated that not only
bacteria but also their structural components,
particularly peptidoglycan could lead to
pathological conditions. Indeed it provides a
pathogenic effect for the female reproductive
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system among others. Ilievski V. and Hirsch E.
had shown that intrauterine administration of
peptidoglycan caused preterm birth in pregnant
mice [6]. That’s why peptidoglycan-caused
alteration of myometrial contractility became
the deal of our investigation.

Peptidoglycan is an essential cell wall
component of almost all bacteria, except
mycoplasma. It releases into the milieu throug-
hout the growth, division or destruction of
bacteria [7]. Tall-like receptors -2 [TLR-
2] are known to recognize peptidoglycan.
TLRs are a member of pattern recognition
receptors large family. They regulate many
inflammatory processes, recognize, and respond
to pathogen-associated molecular patterns [8].
They are known to be a functional component
of the innate immunity. On the myometrial
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myocytes TLR-2 receptors are expressed.
[9,10]. Evidently, between the uteral myocytes
and peptidoglycan a direct contact occurs. It
is known that activation of TL receptors in
myometrium contributes to the modification
of the innate immune system and initiates
an inflammation. Besides them it is shown
that TLR-2 activation reduces the chances of
implantation success [11]. However, the cellular
mechanisms and functional manifestation
of TLRs activation influence on myometrial
contractility modulation still remain unclear.
It is previously speculated that TLRs
activation leads to the Ca?' influx [12] but
the character of alteration of myometrial
contractions parameters under peptidoglycan in
our previous studies [13] led us to an opinion
that afforested changes occur through Ca®*
release from the intracellular Ca®* depot, namely
from the sarcoplasmic reticulum (SR)[14].
Therefore, this study deals with the investigation
of the SR role in the peptidoglycan caused
alteration of myometrial contractility.

METHODS

The experiments were conducted on myometrial
strips from mature Wistar rats weighing 200-250
g in accordance with The European Convention
on Bioethics [Strasburg, 1986]. The rats were
humanly killed by CO, anesthesia followed by
decapitation. The uterus was cut up and placed
in the heated [37°], oxygenated [95% O, and 5%
CO,] Krebs solution of the following content (
mmol/l): NaCl-120.4, KCI - 5.9, CaCl, - 1.8,
MgCl,- 1.2, NaH,PO, - 1.2, NaHCO, - 15.5,
glucose -11.5, PH 7.4. Then longitudinal strips
were dissected, 1-3 mm X 5-7 mm, connective
tissue and endometrium of samples were re-
moved. Then they were placed in a flow chamber
with one end attached to the force transducer
and to the fixed stainless steel hook at the other
end. The force transducer was connected to the
computer via an analog-digital converter. To
reveal the peptidoglycan effect on the myome-
trial contractility we assessed such parameters
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as the contraction frequency for ten minutes,
their average amplitude and the area under the
curve of a single contraction. Values are given
as mean =+ standard error of the mean, “n” is the
number of myometrial strips. Differences were
considered significant for P£0.05 using the ap-
propriate Student’s t test. The comparison was
performed with univariate dispersive analysis
ANOVA with Bonferonni adjustment.

Peptidoglycan was applied at a dose of
0.003 mg/ml. Strips were left until spontaneous
contractions became regular and stable before
applying the blockers, Ca?"-free solution and
peptidoglycan. U73122 was used as a phospho-
lipase C blocker (10 uM), 2APB - as IP3 blocker
(30 uM). All reactive are produced by “Sigma
Aldrich” (USA).

RESULTS AND DISCUSSION

Under control conditions isolated myometrial
strips were spontaneously active and contracted
regularly. We applied peptidoglycan. The results
of our experiments demonstrated that it increases
the amplitude of contractions by nearly 7,0 +
0.346% [n=10] compared to the control [Fig.
la, b]. The area under the curve increased by
nearly 30,0 + 0.256% due to both the amplitude
and the duration of contractions. At the same
time the contractions frequency decreased by
nearly 10,0 = 0.026% under peptidoglycan. In
85% of cases peptidoglycan leaded to the decline
of the basal tone. Throughout all the period of
peptydoglycan application this decline reached
nearly 3,0+ 0.58 % of the average amplitude of
spontaneous myometrial contractions in control.

Thus, the results of our experiments pre-
sented that peptidoglycan causes an activation
of myometrial contractility. Moreover, it
altered all parameters of nonpregnant myo-
metrial contractions. According to our results
peptidoglycan mostly elongated the duration
of myometrial contraction, whereas the magni-
fication of their amplitude was less pronounced.

To prove our hypothesis that peptidoglycan
causes Ca’'-release from intracellular Ca”*
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-stores, we investigated wether peptidoglycan
provides its stimulating effect when trans-
membrane Ca®" influx is impossible. Under
regular spontaneous contractions we replaced
Krebs solution by nominally Ca?"-free Krebs
solution. The contractions gradually redu-
ced. When they stopped entirely we added
peptidoglycan to the Ca®*-free Krebs solution.
As a result, a few phasic contractions appeared
throughout 3 minutes [Fig. 2]. No basal tone
decline was observed. We suppose that the con-

tractions continued for a few minutes because of
the peptidoglycan-caused SR depletion.

As it is known that activation of ryanodine
receptors does not evoke myometrial contractions
[15], we evaluated the role of phospholipase
C- IP, pathway. So we conducted a series of
experiments using a phospholipase C blocker
U73122 and then IP3 receptor antagonist 2-APB.
So under the spontaneous myometrial contractile
activity we applied peptidoglycan. It resulted
in stimulation of myometrial contractility.
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Fig. 1. Typical records showing effects of peptidoglycan on the myometrial contractions parameters.

I - spontaneous myometrial contraction(s), II - myometrial contraction(s) under peptidoglycan.

A. Peptidoglycan increases the amplitude and duration of myometrial contractions but decreases their frequency and basal tone.
B. Peptidoglycan increases both amplitude and duration of myometrial contraction.

C. Under peptidoglycan myometrial contractions amplitude rises.

D. The frequency of myometrial contractions decrease under peptidoglycan by 10%.
E. The area under curve increased by 30% during application of peptidoglycan
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Fig.2. Typical records showing effects of peptidoglycan in a Ca>*-free Krebs solution after spontaneous contractions disappear-

ing under Ca?"-free solution

Afterwards we added peptidoglycan to the
Krebs solution with U73122. Phospholipase
C blockade resulted in statistically unreliable
increase in the amplitude of the peptidoglycan-
stimulated myometrial contractions, their
frequency decreased by 47 = 1.05% and the area
under the curve of single contraction decreased
by nearly 56 + 1.2% [Fig.3]. Nearly in 35%
of samples, the U73122 application didn’t
result in any changes in the amplitude of the
contractions. Thus phospholipase C blockade
only partially influenced the peptydoglycan’s
effect. The reason for this, in our mind, could
be the next: peptidoglycan activates myometrial
contractility due to the SR depletion as well as
the amplification of transmembrane Ca?" influx.
It is known, that all six isotypes of mammalian
phospholipase C are G-protein-binded enzymes
[16]. Given that in our previous [17] study we
demonstrated the link between peptidoglycan’s
effect and G-protein activation, we propose that
Ca?*-depot depletion could be just one of the
mechanisms of the peptidoglycan’s action.
Phospholipase C is involved in regulation of
intracellular Ca®" via mediating the hydrolysis
of phosphatidylinositol 4,5-bisphosphate (PI 4,5-
P2) to the second messenger molecules inositol
1,4,5-trisphosphate [IP3]. IP3, in turn, regulates
the release of stored Ca®* from SR into the cytosol
and nucleus [18]. So, the aim of the next series
of experiments was to detect if peptidoglycan
affects the myometrial spontaneous contractility
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when it is applicated under IP3 receptors
blocker 2-APB. So we applied peptidoglycan,
which stimulated the contractions. Then we
applied it simultaneously with 2APB. As a
result, the contractions gradually decreased and
disappeared entirely [Fig.4]. Under IP3 receptor
blocker peptidoglycan didn’t act as stimulator
of myometrial contractility. Unlike U73122,
2-APB decreased all parameters of myometrial
contractions.

Such results confirmed our suggestion
that peptidoglycan activates myometrial cont-
ractility due to the SR depletion via IP3 re-
ceptors activation as well as the amplification
of transmembrane Ca®" influx. In our study
we demonstrated that peptidoglycan makes
the myometrial strip to contract even in the
Ca’*-free environment. Also we demonstrated
that phospholipase C blockade doesn’t pre-
vent entirely the stimulation of myometrial
contractions by peptidoglycan, but IP3 receptors
blockade does. We suggested that peptidoglycan
acts via several pathways simultaneously and
therefore the blockade of only one of them
wouldn’t give any preventive effect.

The authors of this study confirm that the research
and publication of the results were not associated
with any conflicts regarding commercial or financial
relations, relations with organizations and/or
individuals who may have been related to the study,
and interrelations of coauthors of the article.
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Fig.3. Typical records showing U73122 to decrease the duration and the frequency of the peptidoglycan stimulated myometrial
contractility.

I - peptidoglycan stimulated myometrial contraction(s), II - myometrial contraction(s) under U73122.

A. U73122 insignificantly increased the amplitude, but decreased the duration and frequency of the peptidoglycan stimulated
myometrial contractility.

B. U73122 decreased the duration of the peptidoglycan stimulated myometrial contraction.

C. Under U73122 the peptidoglycan stimulated myometrial contractility amplitude raised by 2%.

D. The frequency of myometrial contractions decrease under peptidoglycan by 10%.

E. The area under curve decreased by 57% during application of U73122
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Fig.4. Application of 2APB results in reducing of peptidoglycan - induced contractions
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HENTUAOI'IMKAH MOAYJIUPYET
COKPATHUTEJIbBHYIO AKTUBHOCTbD
MHUOMETPHUSI IOCPEACTBOM
BBICBOBOXKJIEHUSA CA* U3
CAPKOILVIASMATHYECKOI'O PETUKYJIYMA

Lenpro maHHOTO HMCCIEAOBaHUSA OBLIO ONpEaeICHNE, ACHCT-
BUTEIBHO JIU MENTUAOTTINKAH CIIOCOOCTBYET BHICBOOOKICHHIO
Ca®" u3 capkomiasMatuieckoro petukynyma (CP) rmaz-
KOMBIIIEYHBIX KIETOK MHOMETPHUsS, U €CIH Ja, TO Ha
KaKo€ MMEHHO 3BEHO 3TOT0 MaTOT€HEeTHYECKOro MyTH OH
neiictyer. Mcnonp30Banu NenTUAOINIMKAH KIETOYHOM
CTEHKHM 30JI0TUCTOr0 craduinokokka. COKpaTUTEIbHYIO
aKTUBHOCTb MHUOMETpPHS HccienoBanu Ha 40 camkax
KpPBIC METOAOM TEH30METPHH, MOITYyUYECHHbIE PE3yIbTaThl
OLIEHMBAJIH TI0 CIIEYIOLIUM MapaMeTpaM: CPeIHsT aMILTUTY 4,
4yacToTa M IUIOIIAJb MOJ KPUBON COKpAIlEHUl MUOMETPHUSI.
Pe3ynbTaThl 9KCIIEPIMEHTOB MOATBEPAUIIH IPEATIONOKEHHUE,
9TO MENTHOTINKAH aKTUBUPYET COKPATIMOCTh MHOMETPHS
BenencTBue nucromenns CP 3a cyeT akTuBamMu penenrtopa
unosuronrpudochara (UD3), a Takke yBeaudCHHE TPAHC-
MeM6panHoro Tpancrmopta Ca® . Ilpu anmmukanum Tien-
THJIOTIINKAHA I0JI0CKAa MHOMETPUSI COKPAIIANIAch JaXe B CPe/e
6e3 Ca’ ™. bnokuposanue dochonunasel C He MOTHOCTHIO
HHUBEINPOBAJIO CTUMYJIHpYIOLIee AeHCTBHE MENTHOTTHKAHA
Ha COKpamneHust MuomeTpusi. OHO IPUBEINO K CTATUCTUYECKU
HEJIOCTOBEPHOMY YBEINYEHUIO aMIUIUTYbl COKPALICHUN
MHOMETpHS, BBI3BAHHBIX MENTUAOTINKAHOM, UX YacTOTa
yMmeHbmunaach Ha 47 £ 1,05%, a miomans mox KpUBOi
OJMHOYHOTO COKPANICHHs YMEHBIINIACh MOYTH Ha 56 +
1,2%. A BoT Ha (hone nelicTBust 6mokaropa UD3- perentopos
JIeliCTBHE MENTHAOTIIMKAHA OTCYTCTBOBAA. MBI IPETOI0KHU-
1M, 9T0 3G EKT NeNTUI0NIMKAHA 00YCIIOBIICH OTHOBPEMEHHO
HECKOJIBKUMH ITyTSIMH, ¥ BEICBOOOXKIeHNe Kanbims u3 CP npu
aktuBauun d3 -perentopos - OOUH U3 HUX.

KnroueBble croBa: MENTUAOTINKAH; MHOMETPHIA; IIIafKHue
MBIIIEYHBIE KIIETKH MHOMETPHS; COKpPaTUTENbHAS aKTUBHOCTD
MHOMETPHSI.

JI.C. Haciosn, I.b. ®@iginnos, S1.M. Illy6a

HNENTUAOIJIIKAH MOAYJIIO€E
CKOPOTJIMBY AKTUBHICTb

YEPE3 BUBLJIbHEHHS CA*' 13
CAPKOIIVIABMATUYHOI'O PETUKYJYMA

MeTor0 Hamoro AOCTiKEHHS OyJi0 BU3HAYHUTH, UM AilC-
HO TENTUAOTIIKAaH crpuse BuBinmpHenHio Ca’’ i3 cap-
KOoIuIa3MaTu4HoOro petukynymy (CP) rmageHpkux mio-
LUTIB MaTKH, i, SKIIO TaK, TO Ha SKy CaMe JIAHKY I[bOTO
HAaTOrCHETUYHOTO LUISAXY BiH Jie. BukopucroByBanu
MENTUAOTTIKAH KJIITUHHOT CTIHKY 30JI0THCTOTO CTa(hiIOKOKa.
CKOpOTINBY aKTHBHICTh MiOMETpis AochimxyBanu Ha 40
CaMHULSX IypiB METOIOM TEH30METPii, OTpUMaHi pe3yIbTaTu
OL[HIOBJIM 32 TAKUMH NapaMETPAMH, SIK: CePEIHs aMIUTITya,
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4acToTa 1 IUIOMIA TiJ] KPUBOIO CKOPOUEHBb MiOMeETpisl.
Pe3ynbraté eKCHepUMEHTIB HiTBEP/MIN MPUILYILEHHS, 1110
HENTH/IOTJIIKaH aKTHBYE CKOPOTIIMBICTh MIOMETPIsi BHACITIZIOK
BucHaxkeHHst CP 3a paxyHOK akTHBaLlil pelenTopiB iHO3UTOI
Tpu pocdaty(ID3), a Takoxk 301IbIICHHS TPAHCMEMOPAHHOTO
tpancnopty Ca?*. TIlix jiero menTuaOrIikaHy amIuTiTyaa
CKOpOUCeHBb MiOMETpis 30ib1nnacey Maibke Ha 7,0 + 0,346%
(n = 10) mopiBHsAHO 3 KOHTposieM. [limoma mijx KpUBOIO
36inbmnacs maibke Ha 30,0 £ 0,256% 3a paXyHOK aMILTITY i1
i TpUBaJOCTi cKopoueHb. [Ipy artikamii menTHIOTIIIKaHY
CMY’KKa MIOMETpisl CKOpOUYyBaJiacsi HaBiTh y CepeIoBHUILI Oe3
Ca’*. Bnokysanns docdoninasu C He HOBHICTIO HiBeMOBaIa
CTUMYJIIOBAJIbHY JiI0 NMENTHAOIIIKAHY Ha CKOPOYCHHS
miomeTpisi. Bona npu3Bena 10 CTaTUCTHYHO HEJOCTOBIPHOTO
301JBIICHHS] aMIUTITY M HENTHIOTIIKaH-CTUMYJIbOBAaHUX
CKOpOYEHb MioMeTpisi, iX 4acTtoTa 3MeHuIMIach Ha 47 +
1,05%, a miormia miJ KPUBOKO OJUHUYHOIO CKOPOUYCHHS
3MeHIIuIacs Maixke Ha 56 £ 1,2%. A ot Ha T 1i1 6;710KaTOpa
Id3- peuenTopiB ais nentuaoriaikany Oyia BiacyTHs. Mu
HOPUITYCTHIIU, O eQeKT NenTHIOTIiKaHy 00yMOBICHUI
0JHOYACHO KIJIbKOMA LIJSXaMHM, I BUBIIBHEHHS KaJIbLilO
i3 CP npwu axkrtusauii [d3- peuentopiB - oAMH 3 HHX.
KirouoBi cioBa: MENTHAOITIKAH,; MiOMETPil; TJIaCHbKI
M’s130Bi1 KJIITHHU MiOMETpisi; CKOPOTJIMBAa aKTUBHICTH
MioMeTpisi.
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