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IEVADS

Endometrits tiek uzskatits par vienu no galvenajiem zemas auglibas c€loniem k&vém.
Normali k&vém péc maksligas apsékloSanas vai aplecinaSanas izveidojas akiits dzemdes glotadas
iekaisums, kuru raksturo neitrofilo leikocitu infiltracija dzemdg, kas palielinas apméram 8 stundu
laika un izzad 24 stundu laika (Kotilainen et al., 1994). Ja tas neizzad, attistas hronisks
pec-paroSanas dzemdes glotadas iekaisums. Ka vienu no galvenajiem hroniska p&c-paroSanas
glotadas iekaisuma c€lopiem uzskata pastiprinatu intrauterina Skidruma uzkraSanos, neitrofilo
leikocitu paaugstinatu infiltraciju péc spermas ievadiSanas dzemdge, ka ar1 dzemdes kakla funkciju
traucgjumus meklésanas cikla. Hronisks dzemdes glotadas iekaisums tiek uzskatits par vienu no
galvenajiem zemas auglibas c€loniem kévém. Ir noskaidrots, ka dzemdes glotadas iekaisumu ari
ierosina maksligas apsékloSanas vai lecinasanas laika ar spermu dzemdé nokluvusas bakterijas
(Troedsson, 1995).

Dzemdes glotadas funkciju raksturo$anai un apauglosanas raditaju izveértéSanai Kenney un
Doig (1986) ir ieviesis glotadas histologisko paraugu klasifikaciju. Autori (Kenney et al., 1986)
ipaSu veribu pievers periglandularas fibrozes attistibai kévém. Ari Oddsdottir et al. (2008) sava
petijuma atzimgjusi, ka neauglibas c€lonis k&vém ir periglandulara fibroze, ta samazina dzemdes
aizsargmehanismus. Periglandularas fibrozes izteiktibas pakape ir tiesi saistita ar dzemdes sp&jam
izn€sat augli [idz griisnibas beigam. Ja dazada smaguma pakapes periglandulara fibroze skar lielu
dzemdes glotadas dziedzeru daudzumu, tad pozitivs griisnibas iznakums samazinas 1idz minimalam
un biezi novero abortu, parasti [idz 90. grasnibas dienai.

Intrauterinais Skidrums, kas veidojas akiita dzemdes glotadas iekaisuma gadijuma, tiek
izvadits divos veidos — pa dzemdes limfvadiem vai caur dzemdes kaklu. Neatkarigi no izvadiSanas
veida svariga loma ir dzemdes muskulatiras kontrakcijam. Samazinata dzemdes muskulatiiras
aktivitate vai dzemdes noliekSanas ventrali attieciba pret kaunuma kaula pamatni var but par
dzemdes Skidruma uzkra$anas iemeslu dzemdes kermeni kévém (LeBlanc et al., 1998). Ir pieradits,
ka k&vém, ar noslieci dzemdes glotadas iekaisuma izveidos$anos ir pavajinatas dzemdes muskulatiras
kontrakcijas (Troedsson et al., 1993).

Keéveém, kuram ir samazinata dzemdes rezistence pret infekciju un taja pat laika, ir traucéta
iekaisumu eksudata izvadiSana caur dzemdes kaklu, novéro apaugloSanas trauc€jumus vai embriju
agro navi. Traucéta dzemdes Skidruma notece biezak ir nov€rojama vecam, vairak dzemdgjusam
kévém (LeBlanc et al., 1998).

Lidz $Sim ir maz pétita dzemdes kakla nozime eksudata izvades procesa no dzemdes. Lai
veicinatu eksudata evakuaciju no dzemdes, agrakos pétijjumos pielietoja manualu dzemdes kakla
dilataciju vai ari medikamentu oksitocins (Pycock et al., 1996). Literatiira neatrodam nevienu
kontrolétu (tieSu) petijumu par dzemdes kakla atvéruma nozimi dzemdes glotadas iekaisuma
etiologija kéveém, tapéc musu darba meérkis bija noskaidrot dzemdes glotadas morfologisko un
funkcionalo stavokli kéveém péc maksligas apseklosanas saistiba ar dzemdes kakla atvérumu.



Darba uzdevumi
1. Noteikt dzemdes glotadas histologiskas ainas izmainas pirms un péc dzemdes kakla
noslégsanas kéveém p&c maksligas apséklosanas.
Noskaidrot dzemdes bakterialo mikrofloru pirms un péc dzemdes kakla noslégsanas.

3. Izpetit dzemdes glotadas ttskas un intrauterina skidruma akumulacijas intensitates
izmainas k€vém p&c maksligas apséklosanas saistiba ar dzemdes kakla atvérumu.

4. TIzvertet neitrofilo leikocTtu daudzumu un iekaisuma citokinu IL — 6 un TNF — o
intensitati intrauterinaja Skidruma kévém péc maksligas apsekloSanas saistiba ar
dzemdes kakla atvérumu.

Darba zinatniska novitate

Pirmo reizi veikts kontroléts pétijums par dzemdes kakla atvéruma nozimi k&vém péc
maksligas apséklosanas un ta ietekmi uz dzemdes glotadas morfologisko un funkcionalo stavokli.
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saraksta un pielikumiem.



MATERIALS UN METODES

Pétijuma vieta, materials un laiks

Promocijas darbam izmantotas 24 kliniski veselas, nelaktjosas, nedzemdg&jusas kéves:
20 Somijas viegla tipa Skirnes kéves un 4 dazadu Skirnpu kéves, vecuma no 3 — 17 gadiem, kas pieder
Lauksaimniecibas un partikas zinatnes centram un Hipologijas koledzai, Ypaja, Somija.

Pétijums veikts Lauksaimniecibas un partikas zinatnes centra un Hipologijas koledza, Ypaja,
Somija.

Keévju dzemdes glotadas virsmas mikrobiala piesarnojuma un neitrofilo leikocitu infiltracijas
noteikSanu veicam Lauksaimniecibas un partikas zinatnes centra laboratorija, Ypaja, Somija.

Dzemdes glotadas biopsijas paraugus histologiskajai izmekléSanai sagatavojam Helsinku
Universitates Veterinarmedicinas fakultates Patologijas katedras imunohistokimijas laboratorija,
Somija.

Dzemdes glotadas histologisko paraugu parskata ainas novértéSanu veicam Helsinku
Universitates Veterinarmedicinas fakultates Produktivo dzivnieku medicinas departamenta, Saari
Unit, Somija.

Interleikina-6 un audz&ja nekrozes faktora -o iekaisuma markieru klatbiitni keévju

intrauterinaja  Skidruma noteicam Autonomous Universitates Veterinarmedicinas fakultates
Dzivnieku medicinas un kirurgijas departamenta Imunohistokimijas laboratorija, Barselona, Spanija.

Eksperimenta shema

Eksperiments veikts piecos mekleéSanas periodos. Lai panaktu k&vju vienlaicigu mekl&Sanos,
veicam tas sinhronizaciju ar prostaglandina F,, sintétisko preparatu kloprostenolu deva 0.55 pg/kg
intramuskularas injekcijas veida.

Kopgja eksperimenta shéma un dzivnieku skaits grupas attelots 1. attela.

Visa kopgja eksperimenta shéma bija veidota ta, lai katra kéve biitu pati sev ka kontrole
otraja vai ceturtaja oestrus (meklésanas perioda).
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1.att. Eksperimenta kopéja shema
Fig. 1 Experimental combined schema

I - Eksperimenta A un B grupas kéves (n=10), kuram dzemdes kakls otraja oestrus bija noslégts, bet ceturtaja
oestrus §Ts pasas kéves kalpoja ka kontroles grupa

- Eksperimenta A un B grupas kéves (n=14), kuram dzemdes kakls ceturtaja oestrus bija noslégts, bet
otraja oestrus §is pasas kéves kalpoja ka kontroles grupa/ Experiment A and B group mares (n=14) , the
cervix was closed in fourth oestrus , but in second oestrus these marles where control group.

A — intrauterinais katetrs aizvérts uz 25 stundam p&c maksligas apseklosanas/ intrauterine catheter closed for 25

h after artificial insemination; B — intrauterinais katetrs aizvérts uz 6 stundam, iegiits Skidrums un Kkatetrs

aizveérts uz 19 stundam (kopa 25 stundas p&c maksligas apséklosanas)/ intrauterine catheter opened at 6h,

intrauterine fluid drained, catheter closed and opened again after 19 h (together 25 h after artificial

insemination). C - kontroles grupa/ control group.

Bd - dzemdes glotadas virsmas mikrobiala piesarnojuma izmeklésana/ endometrial microbiology;
- neitrofilo leikocitu infiltracijas noteikSana dzemdes glotada/ determination of neutrophile leycocyte

infiltration in the endometrium ;
e - dzemdes glotadas histologiska parauga iegisana/ endometrial biopsy;

- maksliga apseklosana/ artificial insemination;
\ - intrauterina katetra ievieto$ana un intrauterina $kidruma iegiiSana atkariba no eksperimenta grupas/

insertion of intrauterine catheter and intrauterine fluid .

Pirmais oestrus. Kévju meklé$anos noteicam vizuali, ka ari veicam k&vju rektalo un
ultrasonografisko izmeklésanu lidz bridim, kad konstatéjam ovulaciju. Visam 24 eksperimenta



kévem nonémam no dzemdes glotadas virsmas paraugus bakterialas mikrofloras un neitrofilo
leikocitu infiltracijas noteikSanai. Taja pat laika veicam dzemdes glotadas biopsiju dzemdes glotadas
histologiskas ainas raksturo$anai. Pé&c 6— 14 dienam veicam atkartotu k&vju mekl€Sanas
sinhronizaciju.

Otrais oestrus. Kévju meklesanas laika veicam dzimumorganu izmekl&Sanu rektali un ar
ultrasonografu, kur noteicam dzemdes un olnicu stavokli, folikulu skaitu un lielumu, dzelteno
kermenu skaitu un lielumu, dzemdes glotadas tiiskas lielumu, lai noteiktu optimalo maksligas
aps€klosanas laiku. Laika, kad kévém rektali konstat€jam oestrus pazimes: miksts, plats dzemdes
kakls ar griiti sataustamam robezam, liela, miksta dzemde ar griiti sataustamam robezam, 1 — 2
miksti preovulatorie folikuli, ka arT ultrasonografiski konstat§jam dzemdes glotadas tiisku un
folikulus >35 mm diametra, veicam maksligo aps€kloSanu, izmantojot svaigi atdzes€tu &rzelu
spermu. Svaigi iegiitas spermas atSkaidiSanai izmantojam Kenney spermas atSkaiditaju, iegtistot
apséklosanas devu 500 x 10° progresivi kustigus spermatozoidus. Ovulacijas veicinasanai k&vem
nekavéjoties peéc maksligas apsekloSanas intravenozi injic€jam 1500 internacionalas vienibas (IU)
cilvéka horiogonadotropinu (hCG). Ovulacijas iestaSanos kontrolgjam ar rektalo palpaciju un
ultrasonografiju, kuru veicam ik pardienas Iidz ovulacijai.

K&éves péc nejausibas principa sadalijam tris eksperimenta A, B un C grupas. Eksperimenta
grupas A un B kevem péc maksligas apseékloSanas veicam maksligu dzemdes kakla noslégSanu,
dzemdg ievietojot 63 cm garu, sterilu Bivona katetru. Katetra gala atradas balons, kuru piepildijam ar
80 ml gaisa, tada veida nodroSinot katetra atraSanos dzemd€ un nosprostojot dzemdes Skidruma
izdaliSanos caur dzemdes kaklu. Kéves p&c maksligas apséklosanas un eksperimentalas dzemdes
kakla noslégSanas turéjam boksos 25 stundas bez pastaigam.

Eksperimenta A grupas kévém noslégtu intrauterino katetru atstajam uz 25 stundam, tad to
atvéram, intrauterino Skidrumu izvadijam sterila Falkona cilindra.. Eksperimenta B grupas kévem
intrauterino katetru atvéram péc 6 stundam, izvadijam intrauterino Skidrumu un katetru aizvéram uz
19 stundam, péc kuram atkal izvadijam intrauterino skidrumu.

Izmantojot jau ieprieks ievaditos Bivona katetrus, eksperimenta A un B grupu k&vém veicam
dzemdes dobuma skalosanas procediiru (irigaciju), dzemdé ievadot 500 ml Ringera $kidumu. P&c
2 miniitém Skidrumu izvadijam no dzemdes un uzkrajam speciala maisina. Lai p&c iespgjas izvaditu
visu iepriek§ ievadito Skidrumu no dzemdes, kévém intravenozi (i.v) ievadijam 10 U
(internacionalas vienibas) oksitocina. P&c dzemdes irigacijas intrauterino katetru izpémam.

Eksperimenta C grupas kévem, kas kalpoja ka kontrole, intrauterinais Skidrums vargja brivi
izplust caur dzemdes kaklu. Divdesmit piecas stundas peéc maksligas aps€klosanas dzemdes dobuma
ievietojam sterilu normala izm@ra tamponu. P&c 20 minttém caur sterilu dzemdes kakla spoguli
tamponu aiz auklinas izn€mam no dzemdes. Tampona sasiikuSos intrauterino Skidrumu izspiedam
Falkona cilindra, izmantojot sterilu kiploku spiedi. Eksperimenta C grupas k&vém pé&c tampona
iznemSanas dzemdé ievietojam Bivona Kkatetru, caur kuru dzemdé ievadijam 500 ml Ringera
Skidumu, un turpmakas manipulacijas veicam tapat ka eksperimenta A un B grupas kévém.

legiitaja intrauterinaja Skidruma eksperimenta grupu A, B un C ké&vém noteicam neitrofilo
leikocitu koncentraciju, kur 25 pul intrauterina skidruma atSkaidijam ar 475 pl 2% metilénvioleto
etikskabi. legiito maisijumu ar mikropipeti ievietojam Biirker kamera, neitrofilo leikocitu skaitiSanai
gaismas mikroskopa 20 un 40 x palielinajuma.

Maksligas aps€klosanas laika (0 stunda), ka art 6, 25, 48 stundas pec maksligas aps€klosanas
un péc ovulacijas noteicam ari dzemdes glotadas tiisku, izmantojot dzemdes ultrasonografisko
(Sono Site Vet 180 plus ar 5-MHz transrektalo zondi) izmekléSanu. Dzemdes glotadas tuskas
izteiktibu atzim&jam ball€s no 0 — 5, ka aprakstijis Ginther un Pierson (1994).

Taja pat laika ar ultrasonografiju noteicam intrauterina Skidruma daudzumu izteiktu
laukuma vienibas (mm?2), izmérot ta garumu (mm) un platumu (mm).
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SeSpadsmitaja diena péc ovulacijas veicam griasnibas diagnostiku ar dzemdes manualo
palpaciju un ultrasonografu. Griisnajam k&vém izraisijam abortu, pielietojot vienreiz&ju
intramuskularu kloprostenola inekciju. P&c kloprostenola injekcijas 4. — 6. diena kéves izradija
mekl&Sanas pazimes. Ar1 negrusnam k&vém veicam mekl&Sanas sinhronizaciju.

TreSais oestrus. Visu eksperimenta grupu k&veém, tapat ka pirmaja oestrus, ieguvam
paraugus dzemdes glotadas virsmas bakterialas mikrofloras un neitrofilo leikocitu infiltracijas
noteikSanai. K&vju rektalo un ultrasonografisko izmekleSanu veicam, lidz konstatgjam ovulaciju.
Turpinajuma péc 6 — 14 dienam veicam kévju mekl€Sanas sinhronizaciju, pielietojot sintetiska
prostaglandina F,, preparatu kloprostenolu. Péc 4 — 6 dienam kéves saka mekl&ties.

Ceturtais oestrus. Eksperimenta shéma p&c veikto manipulaciju secibas ir Iidziga ka otraja
oestrus perioda, bet atSkiriba ir ta, ka ceturtaja oestrus perioda Bivona katetru ievadijam un dzemdes
kaklu noslédzam tam 14 kévém, kuras otraja oestrus perioda bija kontroles grupa C. Savukart tas 10
kéves, kuram otraja oestrus perioda bija noslégts dzemdes kaklu, ceturtaja oestrus perioda bija ka
kontroles grupa C.

Piektais oestrus. Visam kévém veicam dzemdes glotadas biopsiju dzemdes glotadas
histologiskas ainas raksturoSanai péc eksperimenta.

Dzemdes glotadas virsmas mikrobiologiska izmeklésana un neitrofilo leikocitu
infiltracijas noteikSana

Paraugi no kévju dzemdes glotadas virsmas mikrobiologiskai izmekl&$anai un neitrofilo
leikocttu infiltracijas noteikSanai nemti ar sterilu vienreiz&jas lietoSanas instrumentu, kura vates
tampons atradas kontakta ar dzemdes glotadas virsmu vismaz 20 sekundes.

Grampozitivo mikroorganismu Escherichia coli, Streptococcus spp. noteikSanai paraugi
uzséti uz galas peptona asins agara, kuru sastava ir 5% aitas asinu. E. coli precizai diferencésanai
izmantojam Endoagaru un MacConkey agaru, Streptokoku gints baktériju diferencéS$anai izmantojam
serologiskos testus. Savukart Stafilokoku gints baktériju diferencé$anai izmantojam mannitola sals
agaru. Paraugus inkubg&am termostata +37 °C temperatiira 24 stundas. P&c 24 stundu inkubacijas
veicam dzemdes glotadas bakteriologiskas mikrofloras puskvantitativu veértésanu péc Mackintosch
(1981), kura atbilsto$i koloniju skaitam uz asins agara virsmas tiek pretstatits noteikts vertgjums
balles.

Dzemdes glotadas virsmas mikrobiologiskai izmeklé$anai paredz&tos paraugus izmantojam
arT neitrofilo leikocitu infiltracijas noteikSanai. Pagatavojam uztriepes uz priekSmetstiklina, ko
zavgjam, fiks€jam metanola un krasojam péc May-Griinwald-Giemsa metodes (Jain, 1986). Neitofilo
leikocttu infiltraciju dzemdes glotada vert€jam gaismas mikroskopa (400 x palielinajuma) 10 redzes
laukos (Brook, 1993). legiitos rezultatus vert€jam ar puskvantitativo metodi ballés p&c Brook (1993)
izstradatas skalas.
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Keévju dzemdes glotadas biopsiju paraugu nonemsana un izmekléSana

Dzemdes glotadas biopsiju paraugus nonémam pirmaja un piektaja oestrus perioda ar mérki
noskaidrot kévju dzemdes glotadas stavokli pirms un pé&c dzemdes kakla noslégSanas. Dzemdes
glotadas biopsijas paraugus ieguvam no dzemdes ventralas sienas pie laba vai kreisa dzemdes raga
pamatnes. Dzemdes glotadas histologiska parauga mikroskopisko noveértéSanu veicam gaismas
mikroskopa 100, 200 un 400 reizu palielinajuma, kur noteicam limfocttu infiltracijas, periglandularas
fibrozes, dziedzeru cistveida dilatacijas pakapi un limfatisko lakiinu daudzumu. GJotadas
histologiskas ainas izveértésanu veicam ballés no 0 lidz 5.

IL-6 un TNF-a iekaisumu citokinu noteik$ana intrauterinaja Skidruma

Intrauterino Skidrumu paraugus, kuri iegiti no eksperimenta A, B un C grupas kévém,
izmantojam IL-6 un TNF-a noteikSanai ar Westerna Blota metodi (Burnette, 1981). Pavisam
izmantoti 12 paraugi: 4 paraugi no eksperimenta A grupas kévém, 2 paraugi no eksperimenta
B grupas kévém un 6 paraugi no eksperimenta C jeb kontroles grupas k&vém otraja un ceturtaja
oestrus perioda. Proteinu koncentraciju intrauterinaja Skidruma noteicam ar Bradforda
(Bradford, 1976) tehniku. Turpinajuma veicam proteinu atdalisanu ar SDS — PAGE un parnesam tos
uz nitrocelulozes membranas, ka aprakstijis Sirois and Dore (1997). Membranas aprobg&am ar
specifisku imiino serumu pret IL-6 un TNF- a (Santa Cruz Biotechnology, Inc). Interleikina -6 un
TNF- a klatbiitnes noteikSanai izmantojam anti-kazas poliklonalas antivielas, péc kuram pielietojam
ECL Plus Westerna Blotta konstatésanas reagentus.

Datu statistiska apstrade

Datu statistiskaja apstradé lietojam Excel 2003 un SPSS 11.5 programmu ar varbiitibu 95%
jeb, ar butiskuma ltmeni P < 0.05. legiitajiem datiem aprékinati vidgjie raditaji un standartklida
(SEM).

Neitrofilo leikocitu koncentracijas, intrauterina Skidruma un dzemdes glotadas tuskas
salidzinasanai izmantojam Vilkoksona testu divu saistitu paraugkopu analizei. Savukart, lai
salidzinatu izmekl&jumu rezultatus starp dazadu grupu kévém, lietojam Mann-Vitnija testu divu
nesaistitu paraugkopu salidzinasanai (Arhipova, Balina, 2003).

Dzemdes glotadas histologisko izmeklgjumu savstarp&jo sakaribu un to statistiska butiskuma
noteik§anai izmantojam Spirmana korelacijas analizi (Paura, Arhipova, 2002; Arhipova,
Balina, 2003).
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PETIJUMA REZULTATI UN DISKUSIJA

Keévju dzemdes glotadas bakteriala mikroflora un neitrofilo leikocttu infiltracija

Paraugi no ké€vju dzemdes glotadas bakterialas mikrofloras un neitrofilo leikocitu daudzuma
noteikSanai, iegiiti pirmaja un treSaja oestrus perioda. Literatiira (Nielsen et al., 2005) tiek uzsverts,
ka Streptococcus spp. un Escherichia coli ir biezakie c€loni, kas izraisa dzemdes glotadas iekaisumu
k&vem, tade] arm misu petijuma dzemdes glotadas mikrofloras noteikSana uzmanibu pievérsam tiesi
Siem mikroorganismiem. Rezultata no 48 bakteriologiski izmeklétajiem paraugiem nevienai no
eksperimenta iesaistitajam k&veém dzemdes glotada minétos mikroorganismus neatradam, bet divam
kévém (Oliivia un Yrri) dzemdes glotadas virsmas paraugos konstatéjam Staphylococcus spp.
mikroorganismu klatbiitni. LeBlanc (2009) uzsver, ka Staphylococcus spp., kas izoléti no dzemdes
glotadas, ir subkliniska dzemdes glotadas iekaisuma c€lonis. Savukart Albihn et al., (2003) uzskata,
ka gadijumi, kad kévém konstaté dzemdes glotadas bakterialo mikrofloru un taja pat laika neitrofilo
leikocttu infiltraciju dzemdes glotada neatrod, ir saistiti ar parauga kontaminaciju ta sagatavosanas
laika. Jaatzimé, ka divam kévém (Oliivia un Pika) vienlaicigi dzemdes glotadas virsmas paraug0s
konstatgjam gan neitrofilo leikocttu infiltraciju dzemdes glotada, gan Staphylococcus spp. Riddle et
al., (2007) atzimg, ka kévém, kuram izol&éti mikroorganismi no dzemdes, ka arT vienlaicigi konstatgta
neitrofilo leikocitu infiltracija dzemdes glotada, novéro bakterialas izcelsmes dzemdes glotadas
iekaisumu.

Joprojam ir aktuals jautajums vai neitrofilo leikocitu klatbiitne dzemdes glotada bez dzemdes
bakterialas mikrofloras ir uzskatama par predispoziciju dzemdes glotadas iekaisumam
(LeBlanc, 2009). Nielsen et al., (2008) apgalvo, ka kéves, kuram identificé neitrofilo leikocitu
infiltraciju dzemdes glotada, bet mikrobiala piesarnojuma rezultati ir negativi, ir uzskatamas par
dzemdes glotadas iekaisumam predisponétam keveém.

Neskatoties uz to, ka dazadu autoru wuzskati ir pretrunigi, més uzskatam, ka
Staphylococcus spp. izolésana no dzemdes glotadas vienai kévei norada uz paraugu kontaminaciju to
sagatavosanas laika, bet kévei, kurai izolgjam gan Stafilococcus spp., gan neitrofilos leikocttus,
neizslédzam subkliniska dzemdes glotadas iekaisuma iesp&jamibu.

Dzemdes glotadas histologiska aina pirms un péc dzemdes kakla noslégSanas

Turpinot izvértét dzemdes veselibas stavokli, veicam kévju dzemdes glotadas histologiskas
ainas novérté€Sanu pirmaja oestrus perioda, t.i., pirms dzemdes kakla noslégSanas, ka ar1 piektaja
oestrus perioda, laika, kad eksperiments tika pabeigts.

Lielakai dalai kévju pirms (14 kéves) un péc (12 kéves) eksperimenta noverojam maz
izteiktas lidz mérenas dzemdes glotadas parmainas, kuras péc Kenney un Doig (1986) atbilda
kategorijai 1A, kas raksturojas ar nelielu limfocitu infiltraciju stratum compactum un maz izteiktu
atsevisku dzemdes glotadas dziedzeru periglandularo fibrozi.

Miisu pétijuma limfatisko lakiinu daudzums un plaSums dzemdes glotadas histologiskaja aina
samazinajas piektaja oestrus perioda, salidzinot ar pirmo oestrus periodu, ka ari nenovérojam
statistiski buitisku korelaciju starp limfatisko laktinu kategorijam kévju dzemdes glotada pirms un péc
eksperimenta (r = 0.13, P = 0.5). Kenney et al., (1978) atzimé, ka limfatiskas lakiinas biezak novéro
vecam, daudz dzemd&usam keévém, ka ari kévém, kam samazinatas dzemdes muskulatiiras
kontrakcijas un trauc@ta intrauterina Skidruma evakuacija no dzemdes. Savukart Bergman et al.,
(1975) uzsver, ka limfatisko lakiinu esamiba kévju dzemdes glotadas histologiskajos paraugos ir
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saistita ar biopsiju parauga kirurgisko iegiisanas veidu un, ka secina pétijumi (Oddsdottir et
al., 2008), to loma ickaisuma etiologija nav zinama.

Turpinot dzemdes glotadas biopsiju analizi konstatgjam, ka dziedzeru cistvstveida dilatacijai
bija tendence palielinaties péc eksperimenta (piektais oestrus ) salidzinot ar pirms eksperimenta
periodu (pirmais oestrus), bet §1 paaugstinasanas nebija statistiski biitiska (p > 0.05). Kenney (1978)
ar1 atzimé€, ka dzemdes dziedzeru cistveida dilatacija ir biezi novérojama kévém, jo Ipasi vecam
kévém. Savukart Ricketts et al., (1975) uzsver, ka konkréts iemesls dzemdes dziedzeru cistveida
dilatacijas attistibai kévei nav zinams, un uzstada hipotézi, ka viens no iemesliem varétu biit
dzemdes glotadas periglandulara fibroze.

Dzemdes glotadas histologiskaja aina atseviSki izveért€jam ieckaisuma Stnu infiltracijas un
periglandularas fibrozes izteiktibu.

Diftizu limfocitu infiltraciju novérojam gan stratum compactum, gan stratum spongiosum
slani. Limfocttu infiltracijas intensitate kévju dzemdes glotadas histologiskaja aina pirms
eksperimenta atbilda 1.8 + 0.2, bet péc eksperimenta 1.52 + 0.03 ballém (2. att). Nosakot rezultatu
bitiskuma Itmeni ar Mann — Vitnija testu, atSkiribas nebija bitiskas (p > 0.05), ka arT novérojam
statistiski nebiitisku vid&ju korelaciju starp limfocitu infiltracijas intensitati ballés k&vju dzemdes
glotada pirms un pe&c eksperimenta (r=0.42, P=0.11). Limfocitu infiltracijas intensitates
samazinasanos péc eksperimenta varétu izskaidrot ar prostaglandina injekciju pielietoSanu
mekl&$anas sinhronizacija, ka arT ar dzemdes skalo$anu ar fiziologisko 0.9% sals skidumu. Jaatzimée,
ka limfocttu infiltracija dzemdes glotadas histologiskaja aina ir uzskatama par hroniska dzemdes
glotadas iekaisuma raditaju k&vém (Kenney, 1978). Savukart Oddsdottir et al., (2008b) uzskata, ka
limfocitu infiltracija dzemdes glotada paradas 20 stundas péc spermas vai Streptococcus
zooepidemicus iek]tsanas dzemdg.
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2. att. Limfocttu infiltracija dzemdes glotada kévem vértéta balles.

Fig. 2 Lymphocyte infiltration in mares endometrial biopsies scored from 0 to 5
(mean + SEM).

Lielu uzmanibu misu pétijumos pieversam dzemdes glotadas dziedzeru periglandularajai
fibrozei, kas, ka atzimé literatira (Ellensberger et al., 2008) ir viens no galvenajiem neauglibas un
agras embriju naves c€loniem kévém. Misu pétijuma dzemdes glotadas dziedzeru periglandulara
fibroze kévju dzemdes glotada pirms dzemdes kakla noslégSanas atbilda 1.35 £+ 0.02, bet péc
eksperimenta 2 + 0.05 ballém (3. att). Starp periglandularas fibrozes vértgjumu ballés kévju dzemdes
glotada pirms un péc eksperimenta noverojam statistiski butisku atskiribu (p < 0.05), ka ar1 vaju, bet
statistiski butisku korelaciju (r = 0.24, p = 0.01).
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O pirms eksperimenta (1. oestrus)/ before the experiment (1% oestrus period)
B pac eksperimenta (5. oestrus)/ after the experiment (5™ oestrus period)

3. att. Kevju dzemdes glotadas periglandulara fibroze vertéta ballées
(vidéja vértiba + standartkliida).

Fig. 3 Periglandular fibrosis in mares endometrial biopsies scored from 0 to 5
(mean £ SEM).

Kopuma sava pétijjuma noveérojam, ka eksperimentala dzemdes kakla noslégSana
nepaaugstingja limfocitu infiltracijas intensitati keévju dzemdes glotadas histologiska parauga aina,
bet taja pat laika dzemdes periglandulara fibroze bitiski paaugstinajas.

Apauglosanas rezultatu analize kevem

ApaugloSanas rezultatu salidzinoSo veértSjumu veicam par otro un ceturto oestrus periodu
eksperimenta A, B un C grupu kévém 16 diena péc maksligas apsékloSanas un tie paraditi 4 attéla.
Griisniba, kura iestajas pec apseklosanas 4. oestrus perioda bija 2.5 reizes zemaka (16.7%), salidzinot to ar
otro oestrus periodu (41.7%), kas norada, ka dzemdes kakla noslégSana otraja oestrus perioda bitiski
(p < 0.05)ietekméja grusnibas rezultatus ceturtaja oestrus perioda.
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4. att. Eksperimenta grupu A, B un C kévju apauglo$anas rezultati (%0).
Fig. 4 Pregnancy rates in mares in experimental group A, B and C (%).

Ka iepriek$ atzim&jam, kakla noslégSana ir paaugstinajusi dzemdes glotadas periglandularas
fibrozes attistibu, kas savukart, iespgjams, ir ietekmgjis apauglosanas rezultatus kévém. Kaut gan
Konstatéjam vaju, statistiski nenozimigu korelaciju (r=0.3, p>0.05) starp kévju glotadas
periglandularo fibrozi un apaugloSanas rezultatiem.

Carnevale et al., (1992, 2008) uzsver, ka ne tikai k&vju vecums, bet arT dzemdes veselibas
stavoklis butiski ietekmé auglibas rezultatus k&vém, 1pasi uzsverot ilgstoSu dzemdes iekaisumu.
Savukart Troedsson (1997) min, ka iekaisums, jo pasi atkartots dzemdes glotadas iekaisums, var
izraisit degenerativas ta izmainas un agro embrija navi. Oddsdottir et al., (2008) uzsver, ka tiesi
dzemdes glotadas periglandulara fibroze ir biezakais agras embrija naves c€lonis kévém, un ka
periglandularas fibrozes izteiktibas pakape ir tieSi saistita ar dzemdes sp€jam izn€sat augli lidz
grisnibas beigam. Ja dazada smaguma pakapes periglandulara fibroze skar lielu dzemdes glotadas
dziedzeru daudzumu, tad apauglosanas samazinas Iidz minimalam.

Intrauterina Skidruma daudzums un dzemdes glotadas tiuska kévéem péc maksligas
apsekloSanas

Misu pétijuma sevisku véribu pievérsam dzemdes kakla nozimei intrauterina Skidruma

izvadiSana no dzemdes dobuma kévém pec maksligds aps€klosanas. Intrauterina Skidruma
uzkrasanas (IUSU) dinamika otraja oestrus perioda grafiski paradita 5. attéla.
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Eksperiments A B — intrauterinais katetrs aizvérts uz 25 stundam péc maksligas apsékloS$anas/ intrauterine
catheter closed for 25 h in mares after artificial insemination.

Eksperiments B E — intrauterinais katetrs aizvérts uz 6 stundam, iegits $kidrums un katetrs aizvérts uz 19
stundam (kopa 25 stundas péc maksligas aps€klosanas)/ intrauterine catheter opened at 6h, intrauterine fluid
drained, catheter closed and opened again after 19 h (together 25 h after artificial insemination).

Eksperiments C O — kontroles grupa/ control group.

5. att. Intrauterina $kidruma uzkrasanas laukuma izmainas (mm?), noteiktas ar
ultrasonografu kévem otraja oestrus perioda (vidéja vertiba + standartkliida): maksligas
apseklosanas laika (0 h), 6 h, 25 h un 48 h péc maksligas apséklo$anas, ka ari péc ovulacijas.

Fig. 5 Intrauterine fluid accumulation (IUFA) (mm?) detected with ultrasound in mares in
second oestrus period (mean = SEM): at the time of artificial insemination (0 h), 6 h, 25 h, and 48
h after artificial insemination and after the ovulation.

Otraja oestrus perioda maksligas apseklosanas laika (0 h) kontroles grupas C kévém
noveérojam intrauterina Skidruma uzkrasanos un ta daudzums bija 418.3 + 35.0 mmz, kas butiski
neatskiras no eksperimenta A un B iesaistitajiem dzivniekiem (attiecigi 516.7 + 124.3 mm? un
683.8 + 448.1 mm?). Sesas stundas péc maksligas apseklosanas noveérojam IUSU pieaugumu visu
eksperimenta grupu dzivniekiem neatkarigi no dzemdes kakla atvéruma, attiecigi kontroles grupas C
kévem 960.6 + 80.0 mm?, eksperimenta A 1170.3 + 205.3 mm? un eksperimenta B 1500 +
+589.4 mm? grupas kévem, bet atSkiribas nebija biitiskas (p > 0.05). Divdesmit piecas stundas péc
maksligas aps€kloSanas [USU dzemdg bija palielinajusies, seviski eksperimenta A un B grupu
dzivniekiem, attiecigi Iidz 3125 + 338.7 mm? un 3037.5 + 459.7 mm?, kas salidzinajuma ar kontroles
grupas C raditajiem (792 £ 66.0 mm? ), atskiras bitiski (p < 0.05). Jaatzimé, ka, neskatoties uz to, ka
eksperimenta B grupas kévém péc 6 stundam katetrs tika atvérts un Skidrums izvadits no dzemdes,
25 h pec MA Skidrums dzemdg bija palielinajies un sasniedza eksperimenta A dzivnieku [USU
daudzumu, kuriem katetrs bija pastavigi aizverts uz 25 stundam p&c maksligas aps€klosanas.

Divdesmit piecas stundas peéc MA visu grupu ke€vém izng€mam intrauterino katetru un taja pat
laika injicgjam 10 IU vienibas oksitocina, lai veicinatu brivu intrauterina Skidruma izvadi caur
dzemdes kaklu. Nakosa diena, kas ir 48 stundas péc MA, veicam atkartotu intrauterina Skidruma
uzkrasanas daudzuma noteikSanu dzemd€. Rezultata novérojam IUSU samazinasanos visu grupu
kévem: eksperimenta A — no 3125 + 338.8 mm? uz 495 + 68.5 mm?, eksperimenta B — no 3037.5 + +
459.7 mm? uz 637.5 + 245.5 mm? un eksperimenta C — no 792 + 66.0 mm? uz 404.2 + 36.7 mm?, bet
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atSkiribas starp eksperimenta grupam A, B un C 48 stundas péc MA nebija statistiski biitiskas
(p > 0.05). Eksperiments turpinajas, lidz kévém ar ultrasonografu diagnostic€jam ovulaciju. Péc
ovulacijas intrauterina Skidruma uzkraSanas turpin3ja samazinaties visu grupu k&vém, iznemot
eksperimenta A grupu, kuram intrauterina skidruma daudzums bija palielindjies, bet §1 palielinasanas
nebija statistiski butiska (p > 0.05).

Ceturtaja oestrus perioda maksligas apsekloSanas laika (skat. 6. att€lu) eksperimenta C
(kontroles grupas) kévém intrauterina skidruma uzkrasanas bija 182.5 + 42.4 mm?, eksperimenta A
un B dzivniekiem IUSU daudzums bija attiecigi 171.0 £ 75.6 mm? un 16.7 + 8.2 mm? un at3kirTbas
nebija butiskas (p > 0.05). Ceturtaja oestrus perioda lidzigi ka otraja oestrus perioda sesas stundas
péc MA novérojam IUSU pieaugumu visu grupu dzivniekiem, attiecigi kontroles grupai — 2445 +
+ 204.2 mm?, eksperimenta A kévem — 1657.1+ 162.7 mm? un eksperimenta B kévem — 1700 +
+ 558.0 mm?, bet IUSA atkiribas starp grupam $aja laika nebija biitiskas (p > 0.05). Divdesmit
piecas stundas p&c maksligas apseklosanas IUSA daudzums ir v@l palielin3jies eksperimenta grupam
A un C, attiecigi lidz 3150 = 508 mm? un 2850 + 228.1 mm?®. Savukart eksperimenta B grupas
k&vem, kuram péc sesam stundam katetrs tika atverts, noveérojam IUSU samazinaSanos, attiecigi no
1700 + 558.0 uz 1133.3 + 320.9 mm?. Intrauterina §kidruma uzkrasanas atskiribas starp eksperimenta
grupu B un kontroles grupu bija bitiskas (p < 0.05).
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Eksperiments A B — intrauterinais Katetrs aizveérts uz 25 stundam/ intrauterine catheter closed for 25 h in mares
after artificial insemination..

Eksperiments B E— intrauterinais katetrs aizvérts uz 6 stundam, ieglits Skidrums un Kkatetrs aizvérts uz
19 stundam (kopa 25 stundas péc maksligas apséklosanas)/ intrauterine catheter opened at 6h, intrauterine fluid
drained, catheter closed and opened again after 19 h (together 25 h after artificial insemination).

Eksperiments C [0 — kontroles grupa/ control group.

6. att. Intrauterina $kidruma uzkrasanas laukuma izmainas (mm?), noteiktas ar
ultrasonografu kéveém ceturtaja oestrus perioda (videja vertiba + standartkliida): maksligas
apséklosanas laika (0 h), 6 h, 25 h un 48 h péc maksligas apséklosanas, ka ari péc ovulacijas.

Fig. 6 Intrauterine fluid accumulation (IUFA) (mm?) detected with ultrasound in mares in
fourth oestrus period (mean + SEM): at the time of artificial insemination (0 h), 6 h, 25 h, and 48
h after artificial insemination and after the ovulation.

Tapat ka otraja oestrus, ari ceturtaja oestrus divdesmit piecas stundas péc maksligas
aps€kloSanas visu grupu kévém izgpé€mam intrauterinos katetrus un taja pat laika injicgjam 10 U
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vienibas oksitocina, lai veicinatu brivu intrauterina Skidruma izvadi caur dzemdes kaklu. Nakama
diena, kas ir 48 stundas péc MA, veicam atkartotu IUSU daudzuma noteikSanu dzemdg. Rezultata
novérojam IUSU samazina§anos visu grupu kévém: A — no 3150 + 508 mm? uz 740 + 112.3 mm?
B- no 11333+
+ 320.9 mm? uz 487.5 + 162.4 mm? un C — no 2850 + 228.1 mm? uz 930 + 83.3 mm? Savukart p&c
ovulacijas visu eksperimenta grupu kévém novérojam nelielu IUSU paaugstinasanos, kura nebija
batiska (p > 0.05).

Risco et al. (2009) novéroja, ka kévju grupai, kura sanéma oksitocina arstéSanu 4 h, 8 h un
25 h peéc maksligas apsékloSanas noveroja mazaku intrauterina Skidruma uzkrasanos, ta secinot, ka
dzemdes muskulattras kontrakcjam ir biitiska loma intrauterina Skidruma izvadé no dzemdes.

Lai noskaidrotu eksperimenta A un B ilglaicigo ietekmi uz intrauterina $kidruma uzkrasanos
dzemdes dobuma veicam salidzinoSu veértéjumu starp kontroles grupam otraja un ceturtaja oestrus
perioda (7. att). Rezultata noveérojam, ka ceturta oestrus perioda kontroles grupas kevém (C), kuram
dzemdes katetrs otraja oestrus perioda bija noslégts, intrauterina Skidruma daudzums bija biitiski
lielaks (p < 0.05), salidzinot ar otra oestrus perioda kontroles grupas k&vém (C), kuram dzemdes
kakls pirms eksperimenta bija brivi atverts.
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OJ € — kontroles grupa otraja oestrus perioda, dzemdes kakls brivi atvérts pirms eksperimenta/ control group in
second oestrus period, the cervix is opened before the experiment.

CIC - kontroles grupa ceturtaja oestrus perioda, kuram otraja oestrus perioda dzemdes kakls bija noslégts/
control group in fourth oestrus period, cervix closed in second oestrus period.

7. att. Eksperimenta A un B ilglaiciga ietekme uz intrauterina Skidruma uzkrasanos
turpmakajos dzimumciklos. SalidzinoS$s vertéjums veikts starp kontroles grupam otraja un
ceturtaja oestrus perioda.

Fig. 7. Experiment group A and B long — term effect on intrauterine fluid accumulation
(IUFA) in following oestrus periods. The evaluation is made between the control groups in second
and fourth oestrus period (mean + SEM).

Misu eksperimenta iegitie rezultati parada, ka dzemdes kakla noslégSana butiski palielina
uzkrata intrauterina skidruma daudzumu keévém péc maksligas apseklosanas.

Vairaki autori min, ka starp daudziem faktoriem, kas izraisa intrauterina skidruma uzkrasanos
dzemdes dobuma, galvenais ir traucéta dzemdes mehaniska atbrivoSanas no intrauterina Skidruma
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caur dzemdes kaklu (Evans et al., 1986; Allen et al., 1989; LeBlanc et al., 1989; Troedsson et
al., 1991).

Kopuma japiekrit autoriem, kas atzimé dzemdes kakla biitisko nozimi intrauterina skidruma
izvadiSana no dzemdes (Evans et al., 1987; Allen, 1990; Causey, 2007; LeBlanc, 2008;
Pycock, 2009). Ka atzimé Nielsen, (2005), intrauterinais Skidrums ir atbilstoSa vide bakteriju
vairoSanas procesiem un attistibai dzemdg, ka rezultata samazinas grusnibas raditaji keévem.

Vienlaicigi ar intrauterina Skidruma uzkraSanas mérjjumiem veicam dzemdes glotadas tuskas
pakapes noteikSanu. Ir zinams, ka dzemdes glotadas tiiska paradas un klust redzama ultrasonografa
dioestrus perioda beigas un izteiksmigaka ta klust, oestrus periodam progresg€jot. Divas dienas pirms
ovulacijas ta samazinas, bet pavisam izztid ovulacijas diena (Nielsen, 2005). M@&s sava pétijuma
noverojam, ka maksligas apséklosanas laika (0 h) dzemdes glotadas tiiska vari€ja no kategorijas 0
lidz 2 gan otraja, gan ceturtaja oestrus perioda visam eksperimenta A, B un C kévém. Sesas stundas
p&c maksligas apseklosanas novérojam dzemdes glotadas tiiskas pastiprinasanos lidz kategorijai 2.5.
Sakot ar divdesmit piekto stundu péc maksligas aps€kloSanas, dzemdes glotadas tiiskai bija tendence
atkal samazinaties gan otraja, gan ceturtaja 0estrus perioda visu grupu k&vém. Viszemako dzemdes
glotadas tiisku noveérojam ovulacijas bridi.
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B — cksperimenta A grupas kéves/ experiment group A.
— eksperimenta B grupas kéves/ experiment group B.
& — eksperimenta C grupas kéves (kontroles grupa)/ experiment group C.

8. att. Kevju dzemdes glotadas tiiskas kategorija (0 — 3) otraja oestrus perioda (videja
vertiba + standartkliida) maksligas apséklo$anas laika (0 h), 6 h, 25 h un 48 h péc maksligas
apséekloSanas, ka arT péc ovulacijas.

Fig. 8 Endometrial oedema in mares (scored from 0 to 3) in second oestrus period
(mean = SEM): at the time of artificial insemination (0 h), 6 h, 25 h, and 48 h after artificial
insemination and after the ovulation.
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Eksperiments A B — intrauterinais katetrs aizverts uz 25 h/ intrauterine catheter closed for 25 h in mares after
artificial insemination.

Eksperiments B B — intrauterinais katetrs aizveérts uz 6 h, iegiits $kidrums un katetrs atkartoti aizvérts uz 19 h
(kopa 25 stundas péc maksligas apseklosanas)/ intrauterine catheter opened at 6h, intrauterine fluid drained,
catheter closed and opened again after 19 h (together 25 h after artificial insemination).

Eksperiments C & — kontroles grupa/ control group.

9. att. Kévju dzemdes glotadas tiiskas kategorija (0 - 3) ceturtaja oestrus perioda (vidéja
vertiba + standartklida) maksligas apseklosanas laika (0 h), 6 h, 25 h un 48 h péc maksligas
apséklosanas, ka ari péc ovulacijas.

Fig. 9 Endometrial oedema in mares (scored from 0 to 3) in fourth oestrus period
(mean = SEM): at the time of artificial insemination (0 h), 6 h, 25 h, and 48 h after artificial
insemination and after the ovulation

Noslégta dzemdes kakla (eksperiments A un B) ilglaiciga ietekme uz dzemdes glotadas
tiiskas attistibu, salidzinot sava starpa kontroles grupas kéves otraja oestrus perioda, kuram dzemdes
kakls brivi atvérts, un kontroles grupas kéves ceturtaja oestrus perioda, kuram otraja oestrus perioda
dzemdes kakls bija noslegts grafiski attelota 10. atté€la, kura redzam, ka visa eksperimenta laika
kontroles grupu (C) kévém dzemdes glotadas tliska gan otraja, gan ceturtaja oestrus perioda butiski
neatskiras (p > 0.05).
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O C - kontroles grupa otraja oestrus perioda, dzemdes kakls brivi atvérts/ control group in second oestrus
period, the cervix is opened before the experiment. .

[ ¢ - kontroles grupa ceturtaja oestrus perioda, kuram otraja oestrus perioda dzemdes kakls bija noslégts/
control group in fourth oestrus period, cervix closed in secound oestrus period..

10. att. Eksperimenta A un B ilglaiciga ietekme uz dzemdes glotadas tiiskas intensitati
turpmakajos dzimumciklos. SalidzinoSs vértéjums veikts starp kontroles grupam otraja un
ceturtaja oestrus perioda.

Fig. 10. Experiment group A and B long — term effect on endometrial oedema in following
oestrus periods. The evaluation is made between the control groups in second and fourth oestrus
period (mean £ SEM).

Literattra (Hayes et al., 1985; Ginther et al., 1994; Plata-Madrid et al., 1994) ir atrodami dati,
ka 90 % kevju ovulacijas bridi dzemdes glotadas tiiska ir samazinajusies vai nav novérojama vispar.
Vairaki autori (McKinnon et al., 1988; Ginther et al., 1994; Sampers, 1997) savos pétijumos,
izmantojot dazadu Skirpu k&ves, konstatgja, ka dzemdes glotadas tuiska samazinajas jau divas dienas
pirms ovulacijas.

Ja salidzinam dzemdes kakla noslégSanas ilglaicigo ietekmi uz intrauterina Skidruma
uzkrasanos dzemdes dobuma un dzemdes glotadas tiisku ( att€ls 7 un attéls 9) redzam, ka ta biitiski
palielinaja uzkrata intrauterina Skidruma daudzumu k&vém p&c maksligas apsekloSanas, bet taja pat
laika dzemdes glotadas tiisku neietekméja. Kaut gan vairakos darbos (Hayes et al., 1985; Griffin et
al., 1991; Plata-Madrid et al., 1994; Pycock et. al., 1995; Pelehach et al., 2002) ir norades, ka
vienlaicigi ar dzemdes glotadas tiisku oestrus perioda laika dzemdg klust redzams ar1 intrauterinais
Skidrums, kam par iemeslu ir paaugstinats cirkul€josa estrogéna Iimenis asinis.

Neitrofilie leikociti intrauterinaja Skidruma

Apkopojot iegiitos rezultatus par neitrofilo leikocitu koncentraciju intrauterinaja Skidruma
secinam, ka eksperimenta A, B un C grupu kévém ceturta oestrus perioda ir palielinajusies neitrofilo
leikocttu koncentracija, salidzinot to ar otro oestrus periodu (11. att).
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O - eksperiments A, intrauterinais $kidrums iegiits pec 25 stundam/ experiment A, intrauterine catheter opened
25 h after artificial insemination. M - eksperiments B, intrauterinais katetrs aizverts uz 6, iegiits Skidrums un katetrs
aizveérts uz 19 stundam/ experiment B - intrauterine catheter opened at 6h, intrauterine fluid drained, catheter closed and
opened again after 19 h. O - eksperiments B, intrauterinais $kidrums iegtits péc 25 stundam péc maksligas apsékloSanas/
experiment B, intrauterine catheter opened 25 h after artificial insemination. [J - eksperiments C (kontroles grupa)/
experiment C, control group.

11. att. Neitrofilo leikocitu koncentricija intrauterinaja $kidruma (10%/ml, videja
vértiba + standartkluda) kévem péc maksligas apseékloSanas otraja un
ceturtaja oestrus perioda.

Fig. 11 Concentration of neutrophil leukocytes in intrauterine fluid (10%/ml,
mean + SEM) in mares after artificial insemination in second and fourth oestrus period.

Ta eksperimenta grupas A kévém neitrofilo leikocitu koncentracija ir biitiski palielinajusies
no 73.2+ 8.410%ml otraja oestrus perioda lidz 143.3+ 17.3 10%ml ceturtaja oestrus perioda
(p < 0.05). Eksperimenta B grupas k&vém 6 stundas p&c maksligas apseklosanas neitrofilo leikocttu
koncentracija otraja oestrus perioda bija 46.0 + 14.2 10°%/ml, ceturtaja oestrus perioda — 81.4 + 16.9,
divdesmit piecas stundas péc MA neitrofilo leikocitu koncentracija bija attiecigi 66.3 £ 19.9 un
97.9+ 16.710°ml, bet §is atikiribas nebija statistiski butiskas (p > 0.05). Kontroles grupai C
neitrofilo leikocitu koncentracija intrauterinaja Skidruma bija bitiski palielinajusies no
3.3+ 0.2 10°ml otraja oestrus perioda Iidz 29.1 + 3.0 10%/ml ceturtaja oestrus perioda (p < 0.05). Si
palielinaSanas izskaidro dzemdes kakla biitisko nozimi neitrofilo leikocitu izvadé no dzemdes, jo
ilgstoSa dzemdes kakla noslégSana otraja oestrus perioda atstajusi ilgstoSu negativu ietekmi uz
dzemdes aizsargfunkcijam ceturtaja oestrus perioda.

Kad dzemdes glotada sanem tadu kairinajumu ka spermatozoidi vai baktérijas, sakas straujs
iekaisuma process, kura laika notiek neitrofilo leikocitu migracija no vénam un venulam dzemdes
limena, ka ar1 intrauterina Skidruma akumulacija (Nikolakopoulos et al., 2000). Literatura tiek
minéts, ka neitrofilo leikocTtu infiltracija sakas 30 mintites péc maksligas apsékloSanas un samazinas
24 stundu laika péc tas (Kotilainen et al., 1994; Katila, 1995; Katila, 2001).

Dzemdes atveseloSanas noltikos otraja un ceturtaja oestrus perioda divdesmit piecas stundas
pec maksligas apsekloSanas visu eksperimenta grupu kévém veicam dzemdes skaloSanu (irigaciju) ar
500 ml 0.9% NaCl skidumu. legiitaja dzemdes irigacijas Skidruma noteicam neitrofilo leikocitu
kocentraciju 10%/ml. Lidzigi ka neitrofilo leikocitu koncentracija intrauterinaja Skidruma, ari
dzemdes irigacijas Skidruma neitrofilo leikocitu koncentracija kontroles grupas kévém ceturtaja
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oestrus perioda ir bitiski palielinajusies, salidzinot to ar otro oestrus periodu, attiecigi no
1.0 + 0.1 10%ml uz 21.5 + 2.2 10%/ml (p < 0.05). Arf Seit apstiprinas, ka dzemdes kakla nosléggana ar
intrauterino katetru otraja oestrus perioda ir sekmgjusi neitrofio leikocitu pieaugumu ceturtaja
oestrus perioda. Literatira min, ka dzemdes glotadas iekaisumam predisponétam kévém profilakses
nolikos dzemdes irigaciju visoptimalak veikt 4 stundas péc maksligas apsékloSanas (Brinsko et
al., 1990, 1991, 2003).

Iekaisuma markieru klatbiitne kévju intrauterinaja Skidruma

Lai izvertetu dzemdes glotadas iekaisumu ka atbildes reakciju uz spermas ievadiSanu k&vém
ar eksperimentali noslégtu dzemdes kaklu, noteicam iekaisuma markieru TNF-a un I1L-6 ekspresijas
intensitati un neitrofilo leikocitu daudzumu intrauterinaja Skidruma otraja un ceturtaja oestrus
perioda. Petijumos pieradits, ka spermas plazma un spermas atskaiditajs paaugstina IL-6 un TNF-a
ekspresiju kévju dzemdes intrauterinaja Skidruma (Palm et al., 2008). TNF-a ir aktitas fazes proteins,
kas stimul€ citu citokinu pievienosanos iekaisuma procesa, ka ar1 paaugstina asinsvadu caurlaidibu,
tada veida novirzot neitrofilos leikocitus un makrofagus uz iekaisuma vietu. Interleikins-6 tapat ka
TNF-a ir aktitas fazes proteins, kas ir galvenais akiitas iekaisuma reakcijas regulétajs organisma un
kura ekspresiju organisma stimulé audu bojajumi, baktériju endotoksini un TNF-a.

Misu pétijuma, salidzinot TNF-a un IL-6 ekspresiju ar neitrofilo leikocitu koncentraciju
intrauterinaja Skidruma otraja oestrus perioda, konstatéjam, ka pie augstakas neitrofilo leikocitu
koncetracijas eksperimenta A un B grupas kévém samazinajas iekaisuma markieru ekspresijas
intensitate. Savukart pie zemakas neitrofilo leikocitu koncentracijas, kuru noveérojam kontroles
grupas k&vem, iekaisuma citoktnu TNF-a un IL-6 ekspresija intrauterinaja skidruma bija intenstvaka.
legttie rezultati nesaskan ar iepriek$ literatiira min€tam noris€m, un meés dotaja bridi nevaram
izskaidrot Sos rezultatus, jo nepiecieSami turpmakie p&tijumi ar lielaku dzivnieku skaitu.

Salidzinot TNF-a un IL-6 ekspresiju ar neitrofilo leikocitu koncentraciju intrauterinaja
Skidruma ceturtaja oestrus perioda, konstatgjam, ka pie augstakas neitrofilo leikocitu koncetracijas
eksperimenta A grupas kévém paaugstinajas iekaisuma markieru ekspresijas intensitate. Savukart pie
zemakas neitrofilo leikocttu koncentracijas, kuru noveérojam kontroles grupas k&vém, TNF-a un IL-6
ekspresija intrauterinaja $kidruma bija zemaka. Saja gadfjuma miisu iegitie rezultati saskan ar
literatura (Cadario et al., 2002) min&tajiem, kur noradits, ka IL-6, iesp&jams, pilda dzemdes glotadas
aizsargfunkcijas oestrus perioda laika jaunam kévém, kad viens no spécigakajiem iekaisuma
agentiem — spermatozoidi — nokliist dzemdé. TNF-a loma dzemdes glotadas iekaisuma etiologija vl
nav skaidri zinama (Fumuso et al., 2003). Ir noskaidrots, ka TNF-a sievietém stimulé IL-6 sintézi un
izdaliSanos. Literattira atrodam, ka ari vecuma ietekmé nov@ro iekaisuma citokinu intensitates
pieaugumu periférajas asinis (Adams et al., 2008, 2009).
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SECINAJUMI

Ilgstosa dzemdes kakla noslégSana péc maksligas apsékloSanas kévém butiski (p < 0.05)
palielina dzemdes glotadas periglandularo fibrozi un samazina apaugloSanas raditajus k&vem.

Dzemdes kakla noslégSana otraja oestrus perioda nav sekméjusi bakterialas izcelsmes
dzemdes glotadas iekaisuma attistibu ceturtaja oestrus perioda, jo izolétas Streptococcus spp.
bakterijas no dzemdes glotadas virsmas divam k&vém, iesp€jams, liecina par paraugu kontaminaciju
to uzsesanas laika.

Maksligas aps€klosanas laika k&vém noveéro intrauterina skidruma uzkrasanos dzemdg. SeSas
stundas pé&c maksligas aps€kloSanas intrauterina Skidruma daudzumam ir tendence palielinaties
neatkarigi no dzemdes kakla atvéruma. Divdesmit piecas stundas péc maksligas apsekloSanas
intrauterina Skidruma uzkrasanas dzemdg bitiski (p < 0.05) palielinas k&vém ar traucétu Skidruma
noteci caur dzemdes kaklu.

Keévju meklésanas laika dzemdes glotadas tiiskas izteiktibas pakapei nav tieSas saistibas ar
intrauterina Skidruma daudzumu dzemdg.

P&c kévju maksligas apsekloSanas traucéta intrauterina Skidruma izvade caur dzemdes kaklu
butiski (p < 0.05) palielina neitrofilo leikocttu koncentraciju un izraisa ieckaisuma citokinu TNF-o un
IL-6 ekspresijas intensitates palielinaSanos intrauterinaja Skidruma. Nenovérojam vecuma ietekmi uz
iekaisuma citokinu TNF-a un IL-6 ekspresijas intensitates palielinasanos intrauterinaja Skidruma.
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INTRODUCTION

Endometritis is regarded as one of the main causes of low fertility in mares. In normal mares, after
artificial insemination (Al) or mating an acute endometrial inflammation occurs characterized by the
infiltration of polymorphonuclear leukocytes in the uterus that increases during approximately 8 hours and
disappears within 24 hours (Kotilainen et al., 1994). If it does not disappear, a post-breeding endometritis
develops. The most important causes of a chronic post-breeding endometrial inflammation are considered
the following: an increased intrauterine fluid accumulation, infiltration of polymorphonuclear leukocytes
after introducing semen into the uterus, and disorders of the cervix functions during the oestrus cycle. The
chronic endometritis is regarded as one of the main causes of low fertility in mares. It was established that
bacteria introduced into the uterus together with the semen during the artificial insemination or mating
(Troedsson, 1995) could also cause endometritis.

In order to characterize the endometrial functions and to evaluate the pregnancy rates, Kenney and
Doig (1986) introduced the classification of histological samples of endometrium. The authors (Kenney et
al., 1986) had paid attention to the development of periglandular fibrosis in mares. Oddsdottir et al. (2008)
in her research had reported that the main reason of infertility in mares was periglandular fibrosis. The
fibrosis reduces the efficacy of uterine defense mechanisms. The degree of periglandular fibrosis is
directly associated with the uterine capacity to carry a foal to term. When the periglandular fibrosis of
different degrees of severity affects a large number of endometrial glands then a positive outcome of
pregnancy is reduced to minimum, and abortion is a frequent sequel, usually until the 90" day of
pregnancy.

Intrauterine fluid in mares is drained in two ways — via lymphatic or through the cervix.
Independently of the way of drainage, myometrial contractions have an important role. A reduced
myometrial activity or the uterus that tilts ventrally in relation to the base of the pubis might be a reason of
fluid accumulation in the uterus (LeBlanc et al., 1998). Authors had proved that in mares with a
predisposition to endometritis myometrial contractions were reduced (Troedsson et al., 1993).

In mares with a reduced uterus resistance to infection, and at the same time the drainage of
inflammatory exudate via the cervix is impaired, the pregnancy failure or early embryonic death is
observed. An impaired uterine fluid drainage is observed most often in old pluriparous mares (LeBlanc et
al., 1998).

Until now, the importance of the cervix in the process of exudate drainage has not been much
investigated. To facilitate the fluid evacuation out of the uterus, in earlier studies a manual dilatation of the
cervix or a medicine oxytocin was applied (Pycock et al., 1996). We failed to find in the literature any
investigations on the importance of the opening of the cervix in etiology of endometritis in mares that is
why the aim of this research was to ascertain the morphological and functional status of endometrium in
mares after artificial insemination in connection with the cervical opening.

Objectives of the research

1. To determine the changes of the endometrium morphology before and after occlusion of the

cervix in mares after artificial insemination.

To investigate the uterine bacterial microflora before and after occlusion of the cervix.

3. To determine the intensity changes of accumulation of intrauterine fluid and endometrial oedema
in mares after artificial insemination in connection with the cervical opening.

4. To establish the concentration of polymorphonuclear leukocytes and the intensity of
inflammatory cytokines IL-6 and TNF-a in the intrauterine fluid in mares after artificial
insemination in connection with the cervical opening.

o
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Scientific novelty of the research

This was the first controlled investigation on the importance of the cervical opening in
mares after artificial insemination and its effect on the morphological and functional status of
endometrium.

APPROBATION OF THE RESEARCH RESULTS
The research results are approbated in the following scientific conferences

1. Liepina E., Antane V., Rivera del Alamo M.M. (2010) Intrauterine fluid secretion in mares after
artificial insemination. Proceedings of the 16" International Scientific Conference “Research for
Rural Development 2010”. Jelgava, 19 — 21 May, pp. 12-16.

2. Liepina E., Alamo del M.M., Reilas T., Katila T. (2010) IL-6 and TNF-a expression in uterine
fluids of mares with induced delay in uterine clearance. Proceedings of the 10" International
Symposium on Equine Reproduction. Animal Reproduction Science. (Vol. 121), Kentucky, USA,
pp. 107 - 109.

3. Liepina E., Antane V. (2010) Endometrial histological changes and pregnancy rates in mares with
impaired uterine drainage. Proceedings of the 29" International Scientific Conference Animals.
Health. Food Hygiene. Jelgava, pp.73 -78.

4. Reine E. Reilas T., Rivera del Alamo M.M., Katila T. (2008) Effect of impaired uterine drainage via
cervix in normal mares after insemination. 16" International Congress on Animal Reproduction.
Reproduction in Domestic Animals (Vol. 43, Suppl. 3), Budapest, Hungary, pp. 112.

5. Katila T., Reine E., Reilas T. (2008) Functioning cervical drainage is important for uterine
clearance of mares after insemination. 12" Annual Conference of the European Society for
Domestic Animal Reproduction. Reproduction in Domestic Animals (Vol. 43 Suppl. 5), Utrecht,
The Netherlands, pp. 106 — 107.

6. Riveradel Alamo M.M., Reine E., Reilas T., Rodriquez-Gil J.E., Fernandez-Novell J.M., Ballester
J., Katila T. (2009) Interleukin-1 beta, interleukin-6 and tumor necrosis factor-alpha expression on
equine endometrium determined by immunohistochemistry. 13" Annual Conference of the
European Society for Domestic Animal Reproduction. Reproduction in Domestic Animals (Vol. 44,
Suppl. 3), Ghent, Belgium, pp.12.

Volume of the research: the doctoral thesis contains 93 pages and consists of abstract, introduction,
survey of scientific sources, methods, results, discussion, references, and annex.
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MATERIAL AND METHODS
Place, material and time of the research

Twenty-four clinically healthy non-lactating mares were used for investigation: 20 light breed
mares and four mares of different breeds at the age from 3 to 17 years from the MTT Agrifood Research
Finland and Equine College, Ypédj4, Finland.

The research was carried out at the MTT Equine Research Station and Equine College, Ypaja,
Finland.

The determination of endometrial surface microbial contamination and infiltration of
polymorphonuclear leukocytes of mares were carried out at the MTT Equine Research Station, Ypaja,
Finland.

Endometrial biopsy specimens for histological examination were prepared at the department of
Pathology of the Faculty of Veterinary Medicine of the Helsinki University, Finland.

The assessment of endometrial histological specimens was performed at the Department of
Productive Animal Medicine of the Helsinki University, Saari Unit, Finland.

The presence of inflammation marker interleukin - 6 and tumor necrosis factor - o in the intrauterine
fluid of mares was determined at the Immunohistochemistry laboratory of the Department of Animal
Medicine and Surgery of the Faculty of Veterinary Medicine of the Autonomous University, Barcelona,
Spain.

Schema of the experiment

The experiment was carried out in five oestrus periods. To reach a simultaneous oestrus in the
mares, they were synchronized with the synthetic preparation of prostaglandin F, a cloprostenol by
intramuscular injections at a dose 0.55 pg/kg.

The combined experimental schema and number of animals per groups is presented in Figure 1.

The study was designed as a crossover study where each mare received two treatments one of
which was control treatment thus serving as internal control during the second or fourth oestrus period.
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Fig.1 Experimental combined schema

O Experimental A and B group mares (n=10), the cervix was closed in the second oestrus, but in the fourth oestrus these

mares were a control group.
O Experimental A and B group mares (n=14), the cervix was closed in the fourth oestrus, but in the second oestrus these

mares were a control group.
A — intrauterine catheter closed for 25 hours after artificial insemination.

B — intrauterine catheter was closed for 6h, then opened and intrauterine fluid drained, catheter closed and opened again
after 19h (in all 25h after artificial insemination).

k<. examination for endometrial microbial contamination;

D - determination of polymorphonuclear leukocyte infiltration in the endometrium ;
!3 - endometrial biopsy;

- artificial insemination;

- insertion of intrauterine catheter and drainage of intrauterine fluid .

The first oestrus. Oestrus in mares was determined visually and by transrectal and
ultrasonographic examination until the ovulation was detected. In all the 24 experimental mares, samples
were collected from the endometrial surface for examination of bacterial microflora and infiltration of
polymorphonuclear leukocytes. At the same time, endometrial biopsy specimens were obtained for
histological examination. In 6 to 14 days, the oestrus was synchronized in mares repeatedly.
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The second oestrus. During the oestrus period of mares, reproductive organs were examined
transrectally and with an ultrasound. We determined the uterus and ovaries condition, number and size of
follicles, number and size of corpus luteum, degree of endometrial oedema in order to establish the optimal
time of artificial insemination. When the following signs of oestrus were detected in mares: soft and wide
cervix, large and soft uterus, one to two soft preovulatory follicles, as well as endometrial oedema and
follicles in diameter >35 mm by ultrasonographic examination, then mares were artificially inseminated
using freshly cooled semen. For the semen extentending, Kenney semen extender was used, obtaining an
insemination dose of 500 x 10° progressively motile spermatozoa. To aid the ovulation, immediately after
artificial insemination mares were injected intravenously 1500 international units (IU) human chorionic
gonadotropin (hCG). The onset of ovulation was controlled with a transrectal palpation and ultrasonograph
every other day until the ovulation was detected.

Mares were randomly divided into three experimental groups — A, B, and C group. In experiment
A and B group mares, after artificial insemination the cervix was occluded by inserting in the uterus a
sterile intrauterine 63 cm long Bivona catheter. At the end of the catheter, there was a balloon type cuff
and after insertion, it was filled with 80 ml of air so ensuring the catheter situation in the uterus and
occlusion of the cervix that no fluid could escape via it. After artificial insemination and experimental
occlusion of the cervix, mares were stabled for 25 hours.

In the experiment A group mares, the intrauterine catheter was closed for 25 hours, then it was
opened and the intrauterine fluid drained into a sterile Falcon cylinder. After that, the uterus was lavaged
(irrigated) and catheter withdrawn. In the experiment B group mares, the intrauterine catheter was
opened after six hours, the intrauterine fluid was drained and the catheter was closed for 19 hours. After
that, the intrauterine fluid was drained again.

Previously inserted Bivona catheters were used to lavage the uterus with 500ml of Ringer’s
solution. In two minutes, fluid was drained and collected in a special bag. To drain fluid out of the uterus
as much as possible, mares received 10 IU oxytocin intramuscularly. After the uterus lavage, the
intrauterine catheter was removed.

In the experiment C group mares, which served as a control group, intrauterine fluid was
allowed to drain out free via cervix. Twenty-five hours after artificial insemination, a sterilized, regular-
sized tampon was placed into the uterus. After 20 minutes, the tampon was removed by a string through a
sterilized speculum. The fluid absorbed into the tampon was squeezed out into a sterile Falcon cylinder
with a sterile garlic press. In mares of experiment C group, after removal of the tampon, a Bivona catheter
was inserted into the uterus through which the lavage was performed with 500 ml of Ringer’s solution, and
the further manipulations were performed as in mares of experiment A and B group.

In the intrauterine fluid of experiment group A, B, and C mares, the concentration of
polymorphonuclear leukocytes was determined, where 25 pl of intrauterine fluid were extended with 475
ul of 2% methylene violet acetic acid. The obtained mixture was placed into the Biirker’s chamber with a
microdropper for counting polymorphonuclear leukocytes under light microscope with 20 X and 40 X of
magnification.

During the artificial insemination (0O hour), as well as 6, 25, and 48 hours after artificial
insemination and after ovulation, endometrial oedema was determined using ultrasonographic (Sono
Site Vet 180 plus with a 5-MHz transrectal probe) examination. The expression of endometrial oedema
was scored from 0 to 5, as Ginther and Pierson have described (1994).

At the same time, the amount of intrauterine fluid accumulation was determined with ultrasound
expressed as area units (mm?) by measuring its length (mm) and width (mm).
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On the 16™ day after the ovulation, pregnancy diagnosis was made by a manual palpation and
ultrasonography. In pregnant mares, on day 16 after the ovulation abortion was caused using a single
intramuscular injection of cloprostenol. On the 4™ — 6™ day after cloprostenol administration, mares
showed signs of oestrus. Non-pregnant mares were also oestrus synchronized.

The third oestrus. In all experiment group mares, like at the first oestrus, specimens were obtained
for determination of endometrial surface bacterial microflora and infiltration of polymorphonuclear
leukocytes. Transrectal and ultrasonographic examinations of mares were performed until the ovulation
was detected.

The fourth oestrus. The experiment schema of manipulations performed was similar to that in the
second oestrus period. The only difference was that at the fourth oestrus, a Bivona catheter was inserted
and the cervix occluded in those mares, which in the second oestrus period were control group C. In turn,
those 10 mares, in which the cervix was occluded in the second oestrus period, they served as a control
group C.

The fifth oestrus. From all mares, endometrial biopsy specimens were obtained to determine the
histological status of endometrium after the experiment.

Microbiological examination of the endometrial surface and determination of infiltration of
polymorphonuclear leukocytes

Specimens of the endometrium surface for microbiological examination and determination of
infiltration of polymorphonuclear leukocytes were taken by a sterile double guarded swab pipette and the
cotton tampon of which was in contact with the endometrium at least 20 seconds.

For detection of gram-positive microorganisms Escherichia coli and Streptococcus spp. the
samples were plated on a meat peptone agar containing 5% of sheep blood. For a precise differentiation of
E. coli, Endoagar and MacConkey agar were used, and for differentiation of Streptococcus genus bacteria
serological tests were used. To differentiate Staphylococcus genus bacteria, mannitol salt agar was used.
Specimens were incubated into thermostat at +37 °C for 24 hours. After 24 hours of incubation, a half-
quantitative evaluation of endometrial bacteriological microflora was performed according to Macintosch
(1981) when the evaluation is scored in compliance with the number of colonies on the blood agar surface.

The same specimens, examined for microbiological status, were used to determine the infiltration
of polymorphonuclear leukocytes. Smears were prepared on slides, dehydrated, fixed in methanol, and
stained by May-Griinwald-Giemsa method (Jain, 1986). The infiltration of polymorphonuclear leukocytes
in the endometrium was evaluated under a light microscope (400 x magnification) in 10 vision fields
(Brook, 1993). The obtained results were evaluated using a half-quantitative method.

Sampling and evaluation of endometrial biopsies of mares

Endometrial biopsy specimens were obtained during the first and fifth oestrus period to determine
the histological status of endometrium before and after the cervix occlusion. Endometrial biopsy
specimens were obtained from the ventral wall at the base of right or left horn. The histological slides were
examined under a light microscope 100, 200, and 400 times of magnification where we determined the
degree of infiltration of polymorphonuclear leukocytes, periglandular fibrosis, glandular cystic dilatation,
and amount of lymphatic lacunae according to Kenney and Doig (1986). Endometrial histological
evaluation was scored from O to 5.
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Determination of 1L-6 and TNF-a inflammatory cytokines in intrauterine fluid

Intrauterine fluid specimens obtained from experimental A, B, and C group mares were used to
determine IL-6 and TNF-a by Western Blotting method (Burnette, 1981). In total, 12 specimens were
used: 4 specimens from experiment A group, 2 specimens from experiment B group mares, and 6
specimens from group C or control group mares in the second and fourth oestrus period. Protein
concentration in intrauterine fluid was determined by Bradford’s (Bradford, 1976) technique. Then protein
was separated with SDS- PAGE and transferred to the nitrocellulose membrane as described by Sirois and
Doré (1997). Membranes were probed with a specific immune antisera against IL-6 and TNF-a (Santa
Cruz Biotechnology, Inc.). Interleukin-6 and TNF-o presence was determined by using anti-goat
polyclonal antibody after which ECL Plus Western Blotting Detection Reagents were used.

Data statistical processing

The data obtained in the study were statistically processed by Excel 2003 and SPSS 11.5 program
with probability 95% or significance level P < 0.05. Mean arithmetic value and the standard error (SEM)
were calculated for each parameter. Wilkinson test of related samples was applied for comparison of
polymorphonuclear leukocytes concentration, intrauterine fluid, and endometrial oedema. Whereas, Mann-
Whitney U test of unrelated samples between different groups of mares was used (Arhipova, Balina,
2003).

Spearman correlation analysis (Paura, Arhipova, 2002; Arhipova, Balina, 2003) was applied for
determination of the correlation and statistical significance among parameters of endometrial histological
examinations.

RESULTS AND DISCUSSION OF THE STUDY
Bacterial microflora of endometrium and infiltration of polymorphonuclear leukocytes

Samples of the endometrium of mares for determination of bacterial microflora and number of
leukocytes were obtained during the first and third oestrus period. In literature (Nielsen et al., 2005) it is
stressed that Streptococcus spp. and Escherichia coli are most often reasons causing endometritis in mares,
that is why in this study of endometrial microflora more attention was paid to these microorganisms. In the
result of bacteriologically examined 48 samples, in none of the mares involved into the experiment the
above mentioned microorganisms were not found; however, in two mares (Oliivia and Yrri)
Staphylococcus spp. microorganisms were found present. LeBlanc (2009) points out that Staphylococcus
spp. isolated from the endometrium might cause subclinical endometritis. Albin et al., (2003) are of the
opinion that cases when the endometrial bacterial microflora is detected in mares but the infiltration of
polymorphonuclear leukocytes in the endometrium is not found are associated with the sample
contamination during its preparation. It should be remarked that in two mares (Oliivia and Pika), at the
same time in the samples of endometrium both infiltration of polymorphonuclear leukocytes and
Staphylococcus spp. were detected. Riddle et al. (2007) reports that in mares, in which is isolated uterine
microorganisms and detected infiltration of polymorphonuclear leukocytes in the endometrium,
endometritis of bacterial origin is observed.

A question is still topical — whether the presence of polymorphonuclear leukocytes in the
endometrium without uterine bacterial microflora should be considered as a predisposing factor for
endometritis (LeBlanc, 2009). Nielsen et al. (2008) think that mares in which infiltration of
polymorphonuclear leukocytes are detected but the results of microbial contamination are negative should
be considered as endometritis predisposed mares.
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In spite of the fact that different authors opinions are contradictory, we consider that
Staphylococcus spp. presence in the endometrium of one mare indicates the sample contamination during
its preparation; whereas the mare in which both Staphylococcus spp. and polymorphonuclear leukocytes
were isolated, possibility of subclinical endometritis was not excluded.

Histological status of endometrium before and after occlusion of the cervix

Evaluation of the uterine health condition and endometrial histological status was evaluated during
the first oestrus period, i.e. before the cervix occlusion as well as in the fifth period when the experiment
was finished.

In most part of the mares before (14 mares) and after (12) the treatment, changes of the
endometrium were expressed as little up to moderate, and according to Kenney and Doig (1986), they
corresponded to category IlA characterized by a slight infiltration of polymorphonuclear leukocytes in the
stratum compactum and little expressed periglandular fibrosis.

In the present study, amount of lymphatic lacunae and spread in the endometrial histological
specimens decreased during the fifth oestrus period in comparison with the first oestrus period. In addition,
there was no statistically significant correlation between the categories of lymphatic lacunae in the
endometrium before and after the experiment (r = 0.13, P = 0.5). Kenney et al. (1978) indicate that
lymphatic lacunae are most often observed in old pluriparous mares as well as in mares with reduced
myometrial contractions and impaired intrauterine fluid clearance of the uterus. Bergman et al. (1975), in
turn, stress that the presence of lymphatic lacunae in the endometrial histological samples is associated
with the invasive way of obtaining biopsies, and as studies show their role in inflammation etiology is still
unknown.

When analyzing endometrial biopsies, it was established that the cystic glandular dilatation had a
tendency to increase after the experiment (fifth oestrus) in comparison with the pre - experiment period
(first oestrus), but the increase was statistically insignificant (p > 0.05). Kenney (1978) also indicates that
cystic glandular dilatation is often observed in mares, especially in old mares. Ricketts et al. (1975) point
out that exact cause of uterine cystic dilatation development in the mare is unknown, and advance a
hypothesis that one of the causative agents might be endometrial periglandular fibrosis.

In endometrial histological samples, expression of inflammation cell infiltration and periglandular
fibrosis were evaluated separately.

A diffuse lymphocyte infiltration was observed both in stratum compactum and stratum
spongiosum. The intensity of lymphocyte infiltration in the endometrial histological samples before the
experiment was 1.8 £+ 0.2 but post experiment 1.52 + 0.03 scores (Fig. 2). Differences of the results were
statistically insignificant (p > 0.05). An insignificant medium correlation between the intensity scores of
lymphocyte infiltration in the endometrium of mares pre and post experiment was observed (r = 0.42,
P =0.11). The decrease of intensity of lymphocyte infiltration after the treatment might be explained with
administration of prostaglandin injections in oestrus synchronization, as well as the uterine lavage with
0.9% of physiological saline solution. It should be remarked that the lymphocyte infiltration in the
endometrium is considered as an indicator of chronic endometrial inflammation in mares (Kenney, 1978).
Oddsdottir et al. (2008b) suggest that the lymphocyte infiltration in the endometrium appears 20 hours
after semen or Streptococcus zooepidemicus has penetrated into the uterus.

In our studies, a great attention was paid to periglandular fibrosis of endometrial glands that, as

literature sources suggest (Ellensberger et al., 2008) is one of the major causes of infertility and early
embryonic death in mares. In this investigation, periglandular fibrosis of endometrial glands in mares
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before the cervix occlusion corresponded with 1.35 £ 0.02, but after the treatment 2 + 0.05 scores (Fig.3).
Between the scoring of periglandular fibrosis before and after the experiment there was a statistically
significant difference (p < 0.05) as well as poor but statistically significant correlation (r = 0.24, p = 0.01).

In all, this study shows that an experimental occlusion of the cervix did not increase the intensity of
lymphocyte infiltration in the endometrial biopsies while the periglandular fibrosis had increased
significantly.

Analysis of pregnancy rates in mares

A comparative evaluation of pregnancy rates was made after the second and fourth oestrus period
in experimental A, B, and C group mares 16 days after artificial insemination, and they are presented in
figure 4. As the data show, the pregnancy rate after insemination in the fourth oestrus period was 2.5 times
lower (16.7%) compared to that of the second oestrus period (41.7%) indicating that occlusion of the
cervix in the second oestrus period, possibly, affected significantly the pregnancy rates in the fourth
oestrus period.

In our study, we observed that cervical occlusion had increased the development of periglandular
fibrosis of endometrium, which, in turn, possibly had influenced the pregnancy rates in mares. There was a
poor statistically insignificant correlation between the endometrial periglandular fibrosis and pregnancy
rates (r = 0.3, p > 0.05).

Carnevale et al. (1992; 2008) point out that not only the age of mares but also the health condition
of uterus affects pregnancy rates in mares, especially prolonged inflammation of the uterus. Troedsson
(1997), in turn, mentions that inflammation, especially recurrent endometritis, may cause degenerative
changes and early embryonic death. Oddsdottir et al. (2008) suggest that exactly endometrial periglandular
fibrosis is the most often cause of early embryonic death in mares, and that the degree of periglandular
fibrosis expression is directly associated with the uterus abilities to carry the foal until the term. If
periglandular fibrosis affects a large part of endometrium then a positive pregnancy result decreases to
minimum.

Amount of intrauterine fluid and endometrial oedema in mares
after artificial insemination

In our study, a special attention we paid to the cervix importance in intrauterine fluid drainage from
the uterus lumen in mares after artificial insemination. Dynamics of intrauterine fluid accumulation
(IUFA) during the second oestrus period is shown in Figure 5.

In the second oestrus period at the time of artificial insemination of experiment C group (control
group) mares we observed intrauterine fluid accumulation, and its amount was 418.3 + 35.0 mm?, only a
little less than in mares of experimental groups A and B, 516.7 £ 124.3 mm? and 683.8 + 448.1 mm?,
respectively. Six hours after artificial insemination, IUFA increase was observed in mares of all groups
independently of cervical opening, in C group mares 960.6 + 80.0 mm?% A and B group mares 1170.3 +
205.3 mm? and 1500.0 + 589.4 mm?, respectively; however, the differences were insignificant (p > 0.05).
Twenty-five hours after artificial insemination IUFA in the uterus was increased, in particular in
experimental groups A and B, up to 3125.0 + 338.7 mm? and 3037.5 + 459.7 mm?, respectively, that in
comparison with parameters of control group C (792.0 + 66.0 mm?) differed significantly (p < 0.05). It
should be remarked that despite of the fact that in mares of the experimental group B catheter was opened
after six hours and fluid drained, 25 hours after artificial insemination fluid in the uterus had increased and
reached the amount of IUFA of A group animals in which the catheter was closed for 25 hours after
artificial insemination.
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Twenty-five hours after Al, the intrauterine catheter was removed in all group mares and at the
same time, oxitocin of 10 IU was injected to aid a free flow of the fluid via cervix. On next day, 48 hours
after Al, we repeatedly determined intrauterine fluid accumulation in the uterus. As a result, IUFA was
decreased in all groups of mares: treatment A — from 3125.0 + 338.7 mm? to 495.0 + 68.5 mm?, treatment
B — from 3037.5 + 459.7 mm® to 637.5 + 245.5 mm?, and treatment C — from 792.0 + 66.0 mm? to 404.2 +
36.7 mm® The differences between the experimental groups A, B, and C 48 hours after artificial
insemination were statistically insignificant (p > 0.05). The experiment was continued until the ovulation
was detected. After the ovulation, accumulation of intrauterine fluid continued to decrease in all groups of
mares except group A mares in which the amount of intrauterine fluid had increased, but the increase was
statistically insignificant (p > 0.05).

In the fourth oestrus period at the time of artificial insemination (see Fig.6), treatment C (control
group) mares had intrauterine fluid accumulated 182.5 + 42.4 mm?, treatment A and B animals the amount
of IUFA was 171.0 + 75.6 mm?® and 16.7 8.2 mm?, respectively, and differences were insignificant (p >
0.05). In the fourth oestrus period, similar to the second oestrus period, six hours after Al an increase of
intrauterine fluid accumulation was observed in all group mares: control group
C — 2445.0 + 204.2 mm?, treatment A mares — 1657.1 + 162.7 mm?, and treatment B mares — 1700.0 +
+ 558.0 mm?. Differences of intrauterine fluid accumulation between groups at this time were insignificant
(p > 0.05). Twenty-five hours after Al, the amount of intrauterine fluid accumulation was increased in
treatment groups A and C, to 315.0 + 508.0 mm? and 2850.0 + 228.1 mm?, respectively. In treatment group
B mares, in which the catheter was opened, a decrease of [IUFA was observed from 1700.0 + 558.0 mm? to
1133.3 + 320.9 mm?, respectively. Differences of intrauterine fluid accumulation between the treatment
group B and control group C were significant (p < 0.05).

In the same way as in the second oestrus, 25 hours after Al, the intrauterine catheter was removed
in all group mares and at the same time, oxitocin of 10 1U was injected to facilitate a free fluid flow via
cervix. On next day, 48 hours after Al, we determined repeatedly intrauterine fluid accumulation in the
uterus. As a result, IUFA was decreased in all groups of mares: treatment A- from 3150.0 + 508.0 mm?
t0740.0 + 112.3 mm?; treatment B — from 1133.3 = 320.9 mm® to 487.5 + 162.4 mm®, and control C — from
2850.0 + 228.1 mm? to 930.0 + 83.3 mm?. After the ovulation, a slight and statistically insignificant (p >
0.05) increase of intrauterine fluid accumulation was observed in all groups of mares.

Risco et al., (2009) have detected that in the group of mares, which received oxitocin treatment 4,
8, and 25 hours after artificial insemination observed less intrauterine fluid accumulation, and concluded
that myometrial contractions had a significant role in the uterine clearance.

To ascertain the experiment A and B long-term effect on intrauterine fluid accumulation in the
uterus lumen, a comparative evaluation was made between control groups during the second and fourth
oestrus period (Fig.7). As a result, we observed that in control group (C) mares of the fourth oestrus
period, which had a closed intrauterine catheter in the second oestrus period, the amount of intrauterine
fluid was significantly larger (p < 0.05) compared with control group (C) mares of the second oestrus
period, which had an opened cervix before the experiment.

The obtained results show evidence that cervical occlusion increases significantly the amount of
intrauterine fluid in mares after artificial insemination.

Several authors mention that the major factor among many factors causing intrauterine fluid
accumulation in the uterus lumen is impaired mechanical uterus clearance of intrauterine fluid via cervix
(Evans et al., 1989; LeBlanc et al., 1989; Troedsson et al., 1991).

In all, we should agree with authors who emphasize the important role of cervix in intrauterine
fluid drainage (Evans et al., 1987; Allen, 1990; Causey, 2007; LeBlanc, 2008; Pycock, 2009). As Nielsen
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(2005) has reported, intrauterine fluid is an adequate media for bacterial proliferation and development in
the uterus, as well as it decreases pregnancy rates in mares.

Together with intrauterine fluid accumulation measurements, we determined the degree of
endometrial oedema. It is well known that endometrial oedema appears and becomes visible in
ultrasonograph at the end of dioestrus period and becomes more prominent as oestrus progresses. Two
days before the ovulation, oedema diminishes but disappears completely on day of the ovulation (Nielsen,
2005). In the present research, we observed that during artificial insemination (0 h) endometrial oedema
varied from category 0 to 2 both in the second and fourth oestrus period in all experiment mares of groups
A, B, and C. Durin% six hours after artificial insemination, endometrial oedema increased up to 2.5.
Starting with the 25" hour post Al, endometrial oedema again had a tendency to decrease both in the
second and fourth oestrus period in all groups of mares. The lowest degree of oedema was at the time of
ovulation.

A long-term effect of occluded cervix (experiment A and B) on the development of endometrial
oedema, comparing control group mares in the second oestrus period, which had an opened cervix, and
control group mares in the fourth oestrus period, which had occluded cervix in the second oestrus period,
is graphically shown in Figure 10. Here we can see that during the time of all experiment, in control group
(C) mares endometrial oedema did not differ both in the second and fourth oestrus period (p > 0.05).

In literature (Haynes et al., 1985; Ginther et al., 1994; Plata-Madrid et al., 1994), there are data that
in 90% of mares at the time of ovulation endometrial oedema has diminished or is not observed at all.
Several authors (McKinnon et al., 1988; Ginther et al., 1994; Sampers, 1997) in their studies, using various
mare breeds, have established that endometrial oedema decreased already two days before the ovulation.

If we compare a long-term effect on intrauterine fluid accumulation in the uterus lumen and
endometrial oedema (Fig. 7 and 9), we can see that it increased the amount of intrauterine fluid in mares
after artificial insemination, but at the same time, did not affect endometrial oedema. However, in several
studies (Haynes et al., 1985; Griffin et al., 1991; Plata-Madrid et al., 1994; Pycock et al., 1995; Pelehach et
al., 2002) there are indications that simultaneously with endometrial oedema in the oestrus period, fluid is
visible, the reason of which is an elevated level of circulating estrogen in the blood.

Polymorphonuclear leukocytes in intrauterine fluid

Summarizing the obtained data on the concentration of polymorphonuclear (PMN) leukocytes in
intrauterine fluid, a conclusion can be drawn that in mares of treatment A, B, and C in the fourth oestrus
period the concentration of polymorphonuclear leukocytes has increased compared to the second oestrus
period (Fig.11).

In mares of treatment A, concentration of polymorphonuclear leukocytes has significantly
increased from 73.2 + 8.4 10%/ml in the second oestrus period to 143.3 + 17.3 10%ml in the fourth oestrus
period (p < 0.05). In mares of treatment B 6 hours after Al, the concentration of polymorphonuclear
leukocytes in the second oestrus period was 46.0 + 14.2 10%/ml, in the fourth oestrus period — 81.4 + 16.9
10°/ml, twenty-five hours after Al the concentration of PMN leukocytes was 66.3 = 19.9 and 97.9 + 16.7
10°%/ml, respectively, but these differences were statistically insignificant (p > 0.05). In control group C, the
concentration of polymorphonuclear leukocytes in the intrauterine fluid had significantly increased from
3.3 + 0.2 10°ml in the second oestrus period to 29.1 + 3.0 10%ml in the fourth oestrus period (p< 0.05).
This increase explains the significant role of cervix in drainage of polymorphonuclear leukocytes out of
the uterus because a long-term cervical occlusion in the oestrus period has a negative effect on the defense
functions of the uterus in the fourth oestrus period.

When the endometrium receives such an irritation as spermatozoa or bacteria, a rapid inflammation
process starts and polymorphonuclear leukocytes migrate from veins and veinules in the uterus lumen, as
well as intrauterine fluid accumulates (Nikolakopoulos et al., 2000). There are data in literature that the
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infiltration of polymorphonuclear leukocytes starts 30 minutes post Al and decreases within 24 hours after
that (Kotilainen et al., 1994; Katila, 1995; Katila, 2001).

To aid the recovery of uterus, in the second and fourth oestrus period 25 hours after Al, in all
experiment groups of mares a uterus lavage (irrigation) was performed with 500 ml of 0.9% NaCl solution.
In the obtained lavage fluid, the concentration of polymorphonuclear leukocytes was determined 10%/ml.
Similar to intrauterine fluid, also in the lavage fluid concentration of PMN leukocytes in the fourth oestrus
period in mares has increased significantly compared to the second oestrus period from 1.0 + 0.1 10%/ml to
21.5 + 2.2 10%ml, respectively (p < 0.05). These findings approve that the occlusion of the cervix with an
intrauterine catheter in the second oestrus period has facilitated the increase of polymorphonuclear
leukocytes in the fourth oestrus period. Literature data show that for preventive purposes in endometritis
predisposed mares the optimum time of uterine lavage is four hours after Al (Brinsko et al., 1990, 1991,
2003).

Presence of inflammatory markers in intrauterine fluid of mares

In order to evaluate endometritis as a response to the semen introduction in mares with
experimentally occluded cervix we determined the intensity of inflammation markers TNF-a and IL-6
expressions, and the amount of polymorphonuclear leukocytes in intrauterine fluid in the second and
fourth oestrus period. Investigations approve that the semen plasma and semen extender increase I1L-6 and
TNF-a expression in the intrauterine fluid of mares (Palm et al., 2008). TNF-a is an acute phase protein
that stimulates other cytokines to be involved in the process of inflammation, as well increases
penetrability of the blood vessels thus directing polymorphonuclear leukocytes and macrophages to the site
of inflammation. Interleikin-6 like TNF-a is an acute phase protein which is the major regulator of an
acute inflammatory response in the body, and the expression of which in the body is stimulated by tissue
lesions, endotoxins of bacteria, and TNF-a.

In the present investigation, comparing TNF-a and IL-6 expressions with the concentration of
polymorphonuclear leukocytes in intrauterine fluid in the second oestrus period it was detected that at a
higher PMN leukocyte concentration in treatment A and B mares the expression intensity of inflammation
markers decreased. In turn, at a lower PMN leukocyte concentration seen in control group mares,
expression of inflammatory cytokines TNF-a and IL-6 in intrauterine fluid was more intense. The obtained
results disagree with above mentioned literature data, and we cannot explain that, as further research is
needed with a larger number of animals.

Comparing TNF-a and IL-6 expressions with the concentration of polymorphonuclear leukocytes
in intrauterine fluid in the fourth oestrus period it was detected that at a higher PMN leukocyte
concentration in treatment A group mares the expression intensity of inflammation markers increased. In
turn, at a lower polymorphonuclear leukocyte concentration seen in control group mares, expression of
TNF-o and IL-6 in intrauterine fluid was lower. In this case, our results agree with those mentioned in
literature (Cadario et al., 2002) where it is indicated that IL-6 possibly has a protective effect on
endometrium during the oestrus period in young mares when one of the most powerful inflammatory
agents — spermatozoa enter the uterus. The role of TNF-a in etiology of inflammation is still not clearly
known (Fumuso et al., 2003). It is determined that TNF-a in woman, stimulates IL- synthesis and
secretion. It is found in literature that also under the effect of age the increase of inflammatory cytokine
intensity is observed in peripheral blood (Adams et al., 2008, 2009).
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CONCLUSIONS

A long-term occlusion of the cervix after artificial insemination in mares increases significantly
(p < 0.05) periglandular fibrosis of endometrium and decreases pregnancy rates in mares.

Occlusion of the cervix in the second oestrus period has not facilitated development of
inflammation of bacterial origin in the fourth oestrus period.

During the time of artificial insemination, intrauterine fluid accumulation is observed in mares. Six
hours after artificial insemination, intrauterine fluid has a tendency to increase independently of the
opening of the cervix. Twenty-five hours after artificial insemination, intrauterine fluid accumulation in
the uterus increases significantly (p< 0.05) in mares with impaired fluid drainage via cervix.

The degree of expression of endometrial oedema has no direct association with the amount of
intrauterine fluid in the uterus.

An impaired intrauterine fluid drainage via cervix after artificial insemination increases

significantly (p < 0.05) polymorphonuclear leukocyte concentration and causes an increase of intensity of
inflammatory cytokine TNF-a and IL-6 expression in intrauterine fluid.
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