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1. WYKAZ PUBLIKACJI STANOWIACYCH ROZPRAWE
DOKTORSKA

Rozprawa doktorska pod tytulem ,,Wykorzystanie ultrasonografii w ocenie
przebiegu ciazy i diagnostyce prenatalnej u owiec” zostala udokumentowana

publikacjami powigzanymi tematycznie:

1. Brzozowska A., Wojtasiak N., Blaszczyk B., Stankiewicz T.,
Wieczorek-Dabrowska M., Udata J. 2020: The effects of non-genetic factors
on the morphometric parameters of sheep placenta and the birth weight
of lambs. Large Animal Review, 26, (3), 119-126, IF: 0,417 (Zatacznik nr 1).

2. Brzozowska A., Stankiewicz T., Blaszczyk B., Chundekkad P., Udata J.,
Wojtasiak N. 2022: Ultrasound parameters of early pregnancy and Doppler
indices of blood vessels in the placenta and umbilical cord throughout the
pregnancy period in sheep. BMC Veterinary Research, 18, 326, IF: 2,792
(Zatacznik nr 2).



2. STRESZCZENIE

Celem naukowym rozprawy doktorskiej bylo zbadanie parametrow
morfometrycznych lozyska 1 ocena przeptywow krwi w krazeniu lozyskowo-
pepowinowym oraz okreSlenie mozliwosci wczesnej diagnozy cigzy u owiec
z wykorzystaniem techniki ultrasonograficzne;j.

Badania wykonano na owcach pomorskich i1 rasy Suffolk utrzymywanych

na fermie owiec w Zaktadzie Doswiadczalnym Instytutu Zootechniki Panstwowego
Instytutu Badawczego w Kotbaczu. Owce byty kryte w czasie ich naturalnego sezonu
rozrodczego, nie stosowano metod synchronizacji rui. Okres trwania cigzy okreslono
na podstawie dnia pokrycia 1 potwierdzano retrospektywnie po porodzie.
W  badaniach przeprowadzono analiz¢ morfometryczng tozysk pozyskanych
po porodzie uwzgledniajac wiek maciorek, wielko$¢ miotu, pte¢ 1 masy urodzeniowej
jagniat. Wykorzystujac ultrasonografie dopplerowska przeprowadzono oceng
hemodynamiki w naczyniach tozyskowo-pgpowinowych u ci¢zarnych owiec.
Okreslono tez przydatno$¢ roznych parametréw ultrasonograficznych we wczesnej
diagnozie cigzy u owiec.

Uzyskane wyniki wykazaly, ze parametry morfometryczne owczych tozysk
zaleza od wieku maciorek, wielko$ci miotu, ptci i masy urodzeniowej jagniat. Dlatego
tez parametry te powinny by¢ uwzgledniane w ultrasonograficznej ocenie rozwoju
tozyska u owiec.

Przeprowadzone badania wskazuja na mozliwo$¢ wykorzystania ultrasonografii
dopplerowskiej w monitorowaniu hemodynamiki naczyfn lozyskowo-pepowinowych
podczas cigzy u owiec. Wykazano, ze zaréwno lokalizacja naczynia tg¢tniczego
w krazeniu tozyskowo-pgpowinowym, jak 1 wiek cigzowy majg istotny wplyw
na parametry hemodynamiczne tych naczyn. Uzyskane wyniki dostarczajg tez nowych
informacji  dotyczacych przeplywow krwi w naczyniach zlokalizowanych
w tozyszczach, co przyczyni si¢ do pehiejszego poznania zmian hemodynamicznych
w tozysku owczym. Uzyskane wyniki potwierdzaja przydatno$¢ transrektalnej

ultrasonografii we wczesnej diagnozie cigzy u owiec.



Wskazuja tez, ze identyfikacja 1 obrazowanie cialka zottego za pomoca
ultrasonografii B-Mode moze by¢ bardzo wczesng 1 prosta metoda potwierdzajaca

skuteczne krycie u owiec.



3. ABSTRACT

The scientific objective of the doctoral dissertation was to analyse
the morphometric parameters of the placenta and to assess blood flow in the placental
and umbilical cord circulation as well as to determine the possibility of early
pregnancy diagnosis in sheep using the ultrasound technique.

The research was carried out on Pomeranian and Suffolk sheep kept on a sheep
farm at the Experimental Department of the National Research Institute of Animal
Production in Kotbacz. Sheep were mated during their natural breeding season,
no oestrus synchronization methods were used. The duration of gestation was
determined based on the day of mating and was confirmed retrospectively after
parturition.

In the research, a morphometric analysis of placentas obtained after parturition
was carried out, taking into account the age of the ewes, litter size, sex and birth
weight of lambs. Using Doppler ultrasonography, an assessment of haemodynamics
in the placental and umbilical vessels in pregnant sheep was carried out.
The usefulness of various ultrasound parameters in the early diagnosis of pregnancy
in sheep was also determined.

The obtained results showed that the morphometric parameters of sheep
placentas depend on the age of ewes, litter size, sex and birth weight of lambs.
Therefore, these parameters should be taken into account in the ultrasonographic

assessment of placental development in sheep.



4. CEL NAUKOWY

Celem naukowym rozprawy doktorskiej bylo badanie parametrow
morfometrycznych lozyska 1 ocena przeptywow krwi w krazeniu tozyskowo-
pepowinowym oraz okreSlenie mozliwosci wczesnej diagnozy cigzy u owiec

z wykorzystaniem techniki ultrasonograficzne;.

Dla realizacji nadrzednego celu naukowego wyznaczono nastgpujace cele
szczegotowe:
1. Okreslenie parametrow morfometrycznych tozysk owczych w zaleznosci
od wieku maciorek, wielko$ci miotu, plci i masy urodzeniowej jagniat.
2. Okreslenie 1 pordwnanie parametréw dopplerowskich w naczyniach tetniczych
1 zylnych zlokalizowanych w czg¢$ci matczynej 1 ptodowej tozyszczy oraz
w naczyniach p¢powinowych podczas cigzy u owiec.
3. Okreslenie  przydatnosci  ré6znych  parametrow  ultrasonograficznych

we wczesnej diagnozie cigzy u owiec.



5. WPROWADZENIE I UZASADNIENIE PODJECIA BADAN

Obecnie ultrasonografia w czasie rzeczywistym jest jedng z wazniejszych
technik umozliwiajacg wykrywanie 1 monitorowanie cigzy u owiec. Pozwala ona
na wczesng diagnoze cigzy, a w pdzniejszych jej etapach na monitorowanie rozwoju
ptodu 1 szacowanie wieku cigzowego (Karen 1 in. 2009, Eerdogan i.in. 2016).

Waznym parametrem w ultrasonograficznej diagnozie cigzy u owiec jest
obecnos¢ tozyszczy, ktore juz w pierwszym trymestrze cigzy widoczne sg jako
echogeniczne struktury w ksztalcie miseczek (Kasik¢i 1 in. 2011, Stankiewicz 1 in.
2020). W miarg rozwoju cigzy tozyszcza powigkszaja swoje rozmiary, stad badania
nad mozliwos$cig wykorzystania pomiardw lozyszczy w okresleniu wieku cigzowego
(Metodiev 1.in. 2014, Lawrence 1 in. 2016, Stankiewicz 1 in. 2020). Nalezy jednak
uwzgledni¢, ze najwigkszy wzrost Srednicy tozyszczy obserwuje si¢ do 90. dnia cigzy
(Stankiewicz 1 in. 2020). Po tym czasie wielko$¢ lozyszczy utrzymuje sie
na zblizonym poziomie, natomiast wzrasta ich ukrwienie. Ponadto wielko$¢ i liczba
tozyszczy moze zaleze¢ nie tylko od wieku cigzowego, ale od wielu innych
czynnikow, np. od wieku maciorek, wielkos$ci miotu, ptci i masy urodzeniowej jagniat.

Duzy wglad w poznanie wplywu tych czynnikow maja badania
przeprowadzone na tozyskach i btonach ptodowych pozyskanych po porodzie. Wyniki
tych badan umozliwily bardziej precyzyjna ocene¢ ultrasonograficzng tozysk podczas
cigzy. Ponadto analiza preparatow morfometrycznych owczych blon ptodowych
1 tozysk pozyskanych po porodzie uwidacznia uklad naczyn pepowinowo-
tozyskowych. Jest to bardzo pomocne w ultrasonograficznej ocenie przeptywu krwi
w tych naczyniach podczas cigzy.

Wyksztatcenie funkcjonalnego krazenia maciczno-tozyskowego i ptodowo-
tozyskowego jest jednym z najwczesniejszych procesow, ktore decyduja o dalszych
losach cigzy. U owiec angiogeneza tozyskowa rozpoczyna si¢ juz w 18 dniu (Reynolds
1 Redmer 1995, Bairagi i in. 2016, Mourier i in. 2017). Rozwoj fozyska trwa przez caly
okres cigzy 1 jest $cisle zwigzany z rozwojem naczyn krwiono$nych w lozysku,

poniewaz zwigkszenie przeptywu krwi jest niezbgdne dla zaspokojenia potrzeb ptodu



1 prawidtowej wymiany sktadnikdw miedzy organizmem matki i ptodu (Stankiewicz
i1in. 2020).

U owiec tozysko jest typu liscieniowatego, sktadajacego si¢ z kilkudziesigciu
lozyszczy. Kazde tozyszcze jest funkcjonalng jednostka zbudowang z cze$ci matczyne;j
powstalej z endometrium pokrywajacym brodawki maciczne 1 czesci plodowe;,
powstalej z potaczenia beznaczyniowej kosmowki i unaczynionej omoczni (Reynolds
1 in. 2005, Sammin 1 in. 2009). S3 one miejscem matczyno-ptodowej wymiany
sktadnikow pokarmowych, gazéw oddechowych i1 produktéw przemiany materii
(Borowicz i in. 2006, Vonnahme i in. 2008, Sammin i in. 2009).

Badania architektury tozyszczy u owiec wykazaly, Zze unaczynienie czg$ci
matczynej tworza rozgalezienia macicznych tetnic promieniowych, ktoére wnikaja
do brodawki macicznej od jej podstawy, a nastepnie rozciggaja si¢ wzdluz jej
wypuklej powierzchni. Naczynia te penetruja tozyszcze tworzac liczne rozgatezienia
i rozleglta sie¢ naczyn wlosowatych. Zyly biegna w podobny sposob, ale
w przeciwnym kierunku niz t¢tnice (Hafez i in. 2010). Natomiast w czesci ptodowe;j
naczynia wchodza 1 opuszczajg liscien w strefie wneki tozyszcza (Sammin i in. 2009,
Hafez i in. 2010). Zwykle s3 to pojedyncze naczynia tetnicze, ktore w obszarze wneki
ulegaja rozwidleniu na naczynia boczne, a nastepnie ulegaja dalszym rozgatgzieniom
tworzac sie¢ naczyn wlosowatych (Hafez i in. 2010). Z kolei liczba naczyn zylnych
odchodzacych z liscieni jest zwykle wigksza, poniewaz istniejg anastomozy miedzy
naczyniami krwiono$nymi z sgsiednich tozyszczy.

Jest coraz wigcej dowodow, ze zaburzenia w krazeniu tozyskowo-plodowym
powoduja nieprawidlowosci w rozwoju ptodu, wptywaja negatywnie na wzrost ptodu
1 prowadza do niskiej masy urodzeniowej (Wu i in. 2006, Reynolds i in. 2013).
Zwigksza to ryzyko zachorowalnosci 1 $miertelnosci we wczesnych stadiach zycia
postnatalnego (Greenwood i in. 1998, Sawalha 1 in. 2007). Dlatego tak wazne
sg badania monitorujgce przeptyw krwi w krazeniu tozyskowo-ptodowym.

Obecnie coraz czesciej stosowang technika w tych badaniach jest
ultrasonografia dopplerowska, ktoéra jest skutecznym, nieinwazyjnym narzedziem
dajacym informacje o charakterystyce unaczynienia 1 przeplywach krwi.

Przeprowadzone dotychczas badania u owiec dotyczyly glownie przepltywow



w tetnicach pepowinowych, macicznych i1 ptodowych (Elmetwally i Bollwein 2016,
Santos 1 in. 2021). Niewiele jest jednak danych na temat wskaznikow przeptywow
krwi w naczyniach krwiono$nych tworzacych bezposrednie unaczynienie lozyszczy.
Wazne sg tez badania nad oceng wskaznikow przeptywu w naczyniach zylnych,
tym bardziej, ze analiza widma dopplerowskiego w zyle pepowinowej moze by¢
uzytecznym wskaznikiem w ocenie prawidtowego rozwoju ptodu (Acharya i in. 2004).
Badania te maja duze znaczenie poznawcze na temat Zycia wewngtrzmacicznego
i moga by¢ uzytecznym wskaznikiem w ocenie prawidtowego rozwoju ptodu.
Znaczenie ultrasonografii to rowniez mozliwos¢ wczesnej diagnozy ciazy,
co ma duze znaczenie w zarzadzaniu hodowlg stada. Dlatego tak wazne sg badania nad
oceng ultrasonograficznych parametréw pozwalajacych wykry¢ cigze 1 okresli¢ liczbe

zarodkOw w mozliwie jak najszybszym okresie.



6. METODYKA BADAN, UZYSKANE WYNIKI I ICH OMOWIENIE

Badania wykonano na owcach pomorskich 1 rasy Suffolk utrzymywanych
na ekologicznej fermie owiec w Zakladzie Doswiadczalnym Instytutu Zootechniki
Panstwowego Instytutu Badawczego w Kotbaczu (Kotbacz, Polska: szerokos¢
geograficzna 53°30”N). Owce utrzymywane byly w systemie pastwiskowo-
alkierzowym. Zywienie odbywato si¢ zgodnie z normami przyjetymi dla tego gatunku,
w oparciu o zielonk¢ pastwiskowg 1 inne pasze objetoSciowe oraz tresciwe,
w zaleznos$ci od pory roku. Zwierzeta mialy staty dostep do wody 1 lizawek solnych.
Owce byly kryte w czasie ich naturalnego sezonu rozrodczego (wrzesien) w sposob
naturalny (krycie z reki), nie stosowano metod synchronizacji rui. Okres trwania ciazy
okreslono na podstawie dnia pokrycia 1 potwierdzano retrospektywnie przyjmujac,

ze cigza trwala 148 dni (Waziri 1 in. 2017, Stankiewicz 1 in. 2020).

6.1. Realizacja celu pierwszego (cel szczegotowy I)

Dla realizacji tego celu badania przeprowadzono na owcach pomorskich
w roznym wieku (pierwiastki i wielorddki), od ktéorych pozyskiwano tozyska
bezposrednio po porodach. W badaniach przeanalizowano 99 tozysk z cigz
pojedynczych 1 29 tozysk z cigz mnogich (monochorialnych i dichorialnych).
Po porodzie okreslono pte¢ i mas¢ urodzeniowg jagniagt. W przeprowadzonej analizie
morfometrycznej uwzgledniono mase, dtugos¢ 1 szeroko$¢ tozyska, okreslono liczbe,
mase 1 wielkos¢ liscieni, a takze $rednice pgpowiny.

Analiza wynikdw wykazata istotne roznice w wielkosci tozyska 1 liscieni
w zalezno$ci od wieku maciorek. Catkowita masa tozyska i $rednia $rednica liscieni
byla istotnie wigksza u wielorédek niz u pierwiastek. Z kolei w lozyskach
pozyskanych od owiec mtodszych stwierdzono istotnie wigksza liczbe liscieni niz
w tozyskach pozyskanych od wielorodek. Wyniki te wskazuja, ze wielko$¢ i liczba
liscieni  zalezy od wieku maciorek, co powinno by¢ uwzgledniane
w ultrasonograficznej ocenie tozyszczy podczas cigzy.

W przeprowadzonej pracy wykazano tez dodatnie korelacje migdzy masg

urodzeniowg jagniat a badanymi parametrami morfometrycznymi lozyska. Ponadto
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stwierdzono, ze parametry morfometryczne tozyska zaleza od pici ptodu i1 wielkosci
miotu. Wykazano, ze tozyska z ci3z z ptodami meskimi byty wieksze. ROwniez masa
licieni 1 $rednica liScieni w tych tozyskach byta wicksza niz w tozyskach z ptodami
zenskimi.

Masa 1 dtugos¢ tozyska, liczba liScieni byty istotnie wigksze w tozyskach z cigz
pojedynczych niz blizniaczych. Natomiast $rednica liscieni byta istotnie wigksza
w tozyskach z cigz blizniaczych. Nie stwierdzono natomiast zaleznych od wieku
maciorek, ptci jagniat 1 wielkosci miotu istotnych réznic w $rednicy pepowiny.

Przeprowadzone badania dostarczaja tez dokumentacj¢ fotograficzng
obrazujaca charakterystyke unaczynienia tozyska owczego, co moze by¢ pomocne
w ultrasonograficznej ocenie przeplywow krwi w naczyniach pgpowinowo-
tozyskowych.

Wyniki tej pracy opublikowano w artykule pt. ,,The effects of non-genetic
factors on the morphometric parameters of sheep placenta and the birth weight

of lambs”.

6.2. Realizacja celu drugiego (cel szczegolowy II)

Dla realizacji tego celu badania przeprowadzono na 16 owcach rasy Suffolk.
Aby wyeliminowa¢ wplywu wielkosci miotu na badane parametry w badaniu
analizowano tylko cigze pojedyncze (uwzgledniajac wyniki uzyskane podczas
realizacji celu pierwszego), ktore diagnozowano podczas ultrasonograficznego badania
transrektalnego 1 potwierdzano podczas porodu. Ujednolicono tez wiek maciorek
- badania przeprowadzono u wielorédek w wieku od 3 do 4 lat.

Dla wykonania pomiaréw przeplywu krwi w tetnicach pepowinowych
1 tozyszczach badanie rozpoczgto od 35 dnia i kontynuowano przez caly okres cigzy
w odstepach kilkudniowych. Pomiary przeptywu krwi w zylach przeprowadzono
w okresie od 70 do 90 dnia cigzy.

Badanie ultrasonograficzne wykonywano za  pomoca aparatu
ultrasonograficznego (EDAN U50) wyposazonego w glowice linearng o czestotliwosci
do 4 MHz (Model, V742UP) i sektorowa o czestotliwosci do 5 MHz (Model,

C352UB). W poczatkowym okresie cigzy badanie ultrasonograficzne wykonywano
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transrektalnie, a w kolejnych okresach cigzy owce badano przezbrzusznie. Badanie
ultrasonograficzne wykonano u ci¢zarnych owiec, ktore nie byly wczesniej poddane
dziataniu srodkow uspokajajacych.

Kazdorazowo u kazdej owcy badano wolng cz¢$¢ pepowiny w poblizu wstawki
brzusznej oraz 5 losowo wybranych tozyszczy, ktoérych skanowanie przeprowadzono
przy uzyciu ultrasonografii w trybie B. W celu identyfikacji naczyn tetniczych
1 zylnych w pepowinie, czeSci plodowej 1 matczynej tozyszczy wykorzystano
kolorowego Dopplera.

Po zlokalizowaniu naczyn krwiono$nych dokonano pomiaréw przeptywu krwi
w tetnicach 1 zylach wykorzystujac pulsacyjng ultrasonografie dopplerowska.
Okres$lono nastepujace parametry dopplerowskie: szczytowa predko$¢ skurczowa
(PSV), koncowg predkos¢ rozkurczowa (EDV), stosunek PSV/EDV, indeks opornosci
(RI) 1 indeks pulsacji (PI).

Przeprowadzone badania wykazatly, ze wigkszos¢ parametréw dopplerowskich
w tetnicach pepowinowych, liScieniowych 1 czg$ci matczynej lozyszczy byla istotnie
skorelowana z dniem cigzy. ZaroOwno w tetnicach pgpowinowych, jak 1 w tozyszczach
predkos¢ przeptywu krwi wzrastala, a indeksy opornosci i pulsacji malaty wraz
Z zawansowaniem cigzy.

W pracy zanotowano tez istotne roznice w wielkosci badanych wskaznikow
dopplerowskich miedzy tetnicami zlokalizowanymi w czg$ci matczynej i ptodowe;j
tozyszczy oraz tetnicami pgpowinowymi.

Warto$¢ PSV w tetnicach pepowinowych byta istotnie wyzsza niz w tetnicach
zlokalizowanych w tozyszczach. W tetnicach pepowinowych i liscieniowych koncowa
predkos¢ rozkurczowa w poczatkowym okresie cigzy byta niewykrywalna, natomiast
od 55 dnia do konca cigzy zanotowano stopniowy i postepujacy wzrost tego
parametru. Uwaza si¢, ze pojawienie si¢ koncowej predkosci rozkurczowej zwigzane
jest z regularnoscig cykli i zmniejszeniem czestosci akcji serca plodu (Elmetwally
2012). Z kolei w tetnicach cze$ci matczynej wartos¢ EDV byla istotnie wyzsza niz
w liscieniach i1 pgpowinie.

Indeks opornosci 1 wskaznik pulsacji w poczatkowym okresie cigzy byly

istotnie wyzsze niz w pozniejszych okresach cigzy. W tetnicach cze$ci matczynej
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tozyszczy indeksy te byly istotnie nizsze niz w liscieniach 1 p¢powinie. Mozna sadzi¢,
1Z jest to zwigzane z ochrong tozyszczy (Saghian 1 in. 2019) wskazuja bowiem, ze zbyt
duza predkos¢ i ci$nienie krwi moze uszkodzi¢ delikatne kosmki tozyska, zwlaszcza
w poczatkowym okresie cigzy. Ponadto zbyt wysoki opér naczyniowy w tozysku moze
obniza¢ wymiang¢ sktadnikéw gazowych 1 odzywczych, co moze by¢ przyczynag niskie;j
masy urodzeniowej noworodkéw 1 S$miertelnosci okoloporodowej (Reynolds
iin. 2006; Saw i in. 2018).

W zytach tozyskowych wykazano niemal statg predkos¢ przeptywu. Natomiast
w zyle pepowinowe] poczatkowa 1 koncowa predkos¢ byly wyzsze niz w zylach
tozyskowych. By¢ moze te wyzsze wartoSci w zylach pgpowinowych zwigzane
sa z ich lokalizacja w poblizu ptodu. Przeptyw zylny jest bowiem bardziej podatny
na zakldcenia zwigzane z ruchem ptodu niz przeptyw tetniczy (Kiserud 2003).

Przeprowadzone badania wskazuja na mozliwo$¢ wykorzystania ultrasonografii
dopplerowskiej w monitorowaniu hemodynamiki naczyn tozyskowo-pgpowinowych
podczas cigzy u owiec.

Wyniki tych badan zostaty opublikowane w artykule pt. ,,Ultrasound parameters
of early pregnancy and Doppler indices of blood vessels in the placenta and umbilical

cord throughout the pregnancy period in sheep”.

6.3. Realizacja celu trzeciego (cel szczegolowy III)

Dla realizacji tego celu przeprowadzono wczesng diagnoze cigzy u owiec rasy
Suffolk z wykorzystaniem ultrasonografii transrektalnej (USG EDAN U50, gltowica
linearna o czestotliwosci 4 MHz). W badaniu uwzgledniano nast¢pujace parametry:
wielko$¢ 1 echogeniczno$¢ przekroju macicy, obecno$¢ ciatek zottych na jajnikach
oraz obecno$¢ zarodka i1 pgcherzyka zarodkowego w macicy. Notowano tez czas,
w ktorym po raz pierwszy widoczne byly tozyszcza 1 pgpowina. Parametry te oceniano
od 17 dnia po pokryciu w odstepach kilkudniowych.

Opierajac si¢ na wygladzie macicy, obecnosci zarodka i pecherzyka
zarodkowego u badanych owiec cigza zostata zdiagnozowana miedzy 20 a 28 dniem
po pokryciu (22.21+£2.35). W obrazie ultrasonograficznym macica w przekroju
poprzecznym miata wyglad owalnych, dobrze widocznych hipoechogennych struktur.
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W tym okresie widoczne byty juz zarodki, a od 25 dnia pecherzyki zarodkowe. Obrazy
powigkszonych, wypetnionych plynem przekrojow macicy uwazane sg za jedne
z wczesniejszych oznak cigzy (Braganca i1 in. 2016, Rickard i in. 2017). Natomiast
bezposrednim wskaznikiem cigzy jest obecnos¢ zarodka i1 pecherzyka zarodkowego.

W przeprowadzonej pracy stwierdzono, Ze pomocnym parametrem w diagnozie
wczesnej cigzy moze by¢ obecno$¢ ciatek zoéitych na jajnikach. W ocenie
ultrasonograficznej jajnikow wykonywanej od 17. dnia stwierdzono obecno$¢ ciatek
zottych, ktére utrzymywaty si¢ przez kolejne tygodnie cigzy. Ciatka zétte widoczne
byly jako szare echogenne owalne struktury bez centralnej jamki. Do 56 dnia $rednica
ciatek z6itych byla zblizona, a w kolejnych dniach ulegla istotnemu zmniejszeniu.
Dlatego zidentyfikowanie ciatka/cialek zottych za pomoca ultrasonografii B-Mode
moze by¢ bardzo wczesng 1 prosta metoda potwierdzajaca skuteczne krycie u owiec.

Kolejnym wskaznikiem cigzy byla obecnos$¢ tozyszczy. W przeprowadzonej
pracy pierwsze lozyszcza zaobserwowano na przetomie pierwszego 1 drugiego
miesigca cigzy. Byly one widoczne na powierzchni endometrium jako obszary
o zwigkszone] echogenicznosci w stosunku do hipoechogennego $wiatta macicy.
Srednica pierwszych uwidocznionych tozyszczy wynosita 7.73+0.69 mm. Pepowina
po raz pierwszy uwidoczniona byta okoto 33 dnia cigzy.

Wyniki tej pracy opublikowano w artykule pt. ,,Ultrasound parameters of early
pregnancy and Doppler indices of blood vessels in the placenta and umbilical cord
throughout the pregnancy period in sheep”.

Ponadto stwierdzenie obecnosci tozyszczy w ultrasonograficznym badaniu
transrektalnym zostato rowniez wykorzystane podczas realizacji pierwszego celu
pracy, ktorej wyniki zostaty opublikowane w artykule pt. ,,The effects of non-genetic
factors on the morphometric parameters of sheep placenta and the birth weight

of lambs”.
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7. PODSUMOWANIE I WNIOSKI

1. Uzyskane wyniki wykazaly, ze parametry morfometryczne owczych tozysk
zaleza od wieku maciorek, wielko$ci miotu, ptci 1 masy urodzeniowej jagniat.
Dlatego tez parametry te powinny by¢ uwzgledniane w ultrasonograficznej
ocenie rozwoju tozyska u owiec.

2. Przeprowadzone badania wskazuja na mozliwo$¢ wykorzystania ultrasonografii
dopplerowskiej w monitorowaniu hemodynamiki naczyn tozyskowo-
pepowinowych podczas cigzy u owiec.

3. Uzyskane wyniki wskazuja, ze zaréwno lokalizacja naczynia tetniczego
w krazeniu tozyskowo-pgpowinowym, jak i wiek cigzowy ma istotny wpltyw
na parametry hemodynamiczne tych naczyh. Wyniki te umozliwig pelniejsze
poznanie zmian hemodynamicznych w tozysku owczym.

4. Przeprowadzone badania dotyczace parametréw hemodynamicznych w zylnych
naczyniach pgpowinowych 1 lozyskowych sg badaniami wstepnymi u owiec,
ale moga stanowi¢ inspiracj¢ do dalszych badan w tym zakresie.

5. Uzyskane wyniki potwierdzaja przydatno$¢ transrektalnej ultrasonografii
we wczesnej] diagnozie cigzy u owiec. Wskazuja tez, ze identyfikacja
1 obrazowanie ciatka zoéltego za pomocg ultrasonografii B-Mode moze by¢

bardzo wczesng 1 prosta metodg potwierdzajacg skuteczne krycie u owiec.
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SUMM ARY

The objective of this study was to determine morphometric parameters of sheep placenta and the birth weight of lambs and their
relationship with the type of pregnancy, litter sex and age of ewes. Placenta was obtained directly after delivery from Pomeran-
ian sheep (n=128), including single (n=99) and multiple (n=29) pregnancies. For twin pregnancies, monochorionic and dichorionic
placentas were taken into account. The following were determined: lamb birth weight (BWL), placental weight (PW), placen-
tal length (PL), placental width (WP), cotyledons number (CN), cotyledons weight (CW), mean diameter of the cotyledon (MDC),
umbilical cord diameter (DUC). One-way ANOVA variance analysis was used for statistical comparisons and the Pearson and/or
Spearman’s correlation coefficient for correlation analysis. The primiparous were shown to have significantly lower PW and MDC
(p<0.05) compared to older sheep. On the other hand, in the case of PL (p<0.05) and CN (p<0.01), which were significantly
higher in the primiparous compared to multiparous. A significantly higher BWL was found in the male lambs than in the fe-
male lambs (p<0.05). Significantly higher PW, MDC (p<0.01) and CW (p<0.05) were found in the placenta from which male
lambs were born. There was also a significantly higher BWL in male lambs (p<0.05) born from dichorial twin pregnancy. CW
was significantly higher in the dichorial placenta from which the male lambs were born (p<0.05). Comparing the placenta from
single and twin dichorial pregnancies, it was shown that type of pregnancy had a significant impact on the development of some
placental indices and the birth weight of lambs. Significantly heavier lambs were born from single pregnancy (p<0.01). Also PW
and PL (p<0.01) and CN (p<0.01) were significantly higher in single pregnancy placentas. In turn, MDC (p<0.05) was signifi-
cantly higher in twin placental dichorial pregnancies. Monochorial placenta were characterized by significantly larger PW and
CW (p<0.05) from which the male lambs were born. The obtained results showed that morphometric parameters of sheep pla-
centa and birth weight of lambs depend on the type of pregnancy, litter sex and age of ewes. These results may be helpful in as-
sessing postpartum placenta in this animal species. In addition, recorded differences in placenta parameters and birth weight of
lambs may be useful in ultrasound assessment of placental and fetal development during pregnancy.

KEY WORDS

Cotyledon, litter size, placenta, lamb, sheep.

INTRODUCTION

The results regarding reproductive parameters are of key im-
portance in sheep breeding. They particularly concern the as-
sessment of the course of pregnancy, whose proper develop-
ment may affect the health of newborn lambs. Among many
factors, placenta plays the key role'. It starts when an embryo
isimplanted and from that moment, it play a significant role
in the development of pregnancy?. This is where the mor-
phological and functional analysis of the placenta originated.
It has been shown that some morphometric parameters of the
placenta can directly affect fetal growth and development, and
thus the success of pregnancy®. On the example of sheep pla-
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centa, it was confirmed that its certain indicators can direct-
ly contribute to placental insufficiency, and thus constitute one
of the factors that determine the mortality of newborn livestock®.
Therefore, this type of work is important in the diagnosis and
monitoring of pregnancy, especially in vivo’. Currently, ultra-
sound is increasingly used for this purpose, the use of which
is associated with the ability to correctly interpret it °. There-
fore, you should first learn about morphology of the placen-
ta, including actual dimensions of its structures, which is best
done by direct testing®’, e.g. non-invasive, using the placenta
expelled immediately after delivery. This type of work can have
practical significance, especially in controlling pregnancy and
increasing productivity in large livestock farms’. They can also
be helpful for breeders in preparing for deliveries from mul-
tiple pregnancies or the occurrence of heavy births and other
complications during this period, which results in minimiz-
ing infant mortality’. However, previous studies have not tak-
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Table 1 - The number of male lambs and female lambs born and died up to 2 weeks of age from single and multiple pregnancies.

Type of pregnancy (n)

Lambs
alive’ dead?

male lambs female lambs male lambs female lambs
Single (n= 99) 43 51 S 2
A dichorial (n=18) 16 16 2 2
Twin (n=28) monochorial (n=10) 8 12 -
Triplet (n=1) 2 1 - -

Tlive born lambs

2dead lambs born and those that did not survive up to 2 weeks of age

Table 2 - Mean (+SD) birth weight of lambs and morphometric parameters of sheep placenta from single pregnancies in ewes of different

ages.
Parameters Age of ewes
Statistically
I (1 year; n=20) Il (2-5 years; n=41) 1l (5> years; n=33) significant
1 2 B differences
BWL (g) Mean + SD 5375.00+767.69 5226.83+712.05 5163.64+648.47 NS
Range 3600.00-6500.00 3800.00-6900.00 3800.00-6500.00
PW (g) Mean + SD 305.45+68.71 307.24+66.10 318.85+£78.06 1<3; p<0.05
Range 200.00-4083.00 196.00-494.00 187.00-482.00
PL (cm) Mean + SD 153.06+17.57 141.12+17.39 143.23+21.39 1>2; p<0.05
Range 126.70-185.00 116.00-181.40 106.60-214.00
WP (cm) Mean + SD 54.03+7.77 55.88+7.90 57.07+9.85 NS
Range 37.50-69.00 40.00-76.70 40.70-74.90
CN Mean + SD 86.20+14.64 69.24+17.91 70.27+18.06 1>2,3; p<0.01
Range 55.00-113.00 37.00-98.00 40.00-107.00
CW (9) Mean + SD 92.82+39.75 102.39+23.53 96.83+36.54 NS
Range 43.00-166.00 53.00-135.00 33.50-170.00
MDC (cm) Mean + SD 2.09+0.36 2.33+0.46 2.24+0.24 1<2; p<0.05
Range 1.45-2.68 1.65-3.95 1.73-2.89
DUC (cm) Mean + SD 0.64+0.11 0.64+0.11 0.62+0.13 NS
Range 0.50-0.80 0.50-0.90 0.40-0.90

Statistical significance of p < 0.01; p < 0.05; SD - standard deviation; NS - no significant; BWL - lamb birth weight; PW - placental weight; PL - placental length;
WP - placental width; CN - cotyledons number; CW - cotyledons weight; MDC - mean diameter of cotyledons; DUC - umbilical cord diameter.

en into account all the morphometric parameters of the pla-
centa that can be tested, as well as the relationships between
them, taking into account fetal and maternal factors. One of
the aspects not yet discussed in the available literature is the
analysis of sheep’s placenta in multiple pregnancy, especially
twin occurring frequently in sheep®®, taking into account the
classification into a monochorial placenta, having one chori-
on and acommon placenta for developing fetuses and dicho-
rial, where they are two chorions and completely separate pla-
centa for each fetus in twin pregnancy'. It is also worth ex-
amining the effect of fetal sex on the placenta'' and mother’s
age, with which reproduction parameters are known to
change'>"3, Therefore, it is so important to include the foregoing
aspects in the analysis of placenta, which are not fully explained
in the available literature. The purpose of this study was to ex-
amine morphometric parameters of the sheep placenta de-

pending on the type of pregnancy, litter sex and age of ewes,
and to analyze the birth weight of lambs.

MATERIAL AND METHODS

The study was carried out on Pomeranian sheep kept on an
organic sheep farm in the Experimental Plant of the Nation-
al Research Institute of Animal Production in Kotbacz (Kotbacz,
Poland: latitude 53°30’ N). The Pomeranian sheep are the main
breed in the population of meat and wool sheep raised in the
north-western region of Poland. This breed is included in the
livestock genetic resources conservation program. In the
study, sheep were kept in a pasture-alcove system, under con-
ditions of uniform feeding. Nutrition was carried out according
to standards adapted for this species, based on fodder, and oth-



A. Brzozowska1l et al. Large Animal Review 2020; 26: 119-126 121

Table 3 - Mean (+ SD) birth weight of lambs and morphometric parameters of sheep placenta from single female and male pregnancies.

Parameters

BWL (g)

PW (9)

PL (cm)

WP (cm)

CN

CW(q)

MDC (cm)

DUC (cm)

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Sex of lambs

female (n=51)
1

5082.35+613.42
3800.00-6500.00

294.24+68.53
187.00-494.00

146.23+19.99
117.00-214.00

54.49+7.87
37.50-68.00

73.10+£18.04
37.00-107.00

89.61+£33.07
33.50-166.00

2.18+0.43
1.45-3.95

0.61+0.12
0.40-0.90

male (n=43)
2

5418.60+756.64
3600.00-6900.00

330.74+68.45
196.00-482.00

142.22+18.33
106.60-185.00

57.58+£9.17
41.00-76.70

73.35%£19.13
37.00-113.00

111.59+26.33
67.00-170.00

2.33+0.30
1.74-3.15

0.66+0.11
0.50-0.90

Statistically

significant differences

1<2; p<0.05

1<2; p<0.01

NS

NS

NS

1<2; p<0.05

1<2; p<0.01

NS

Statistical significance of p < 0.01; p < 0.05; SD - standard deviation; NS - no significant; BWL - lamb birth weight; PW - placental weight; PL - placental
length; WP - placental width; CN - cotyledons number; CW - cotyledons weight; MDC - mean diameter of cotyledons; DUC - umbilical cord diameter.

Table 4 - Mean (+ SD) birth weight of lambs and morphometric parameters of sheep placenta from dichorial twin pregnancies including

lambs sex.

Parameters

BWL (9)

PW (9)

PL (cm)

WP (cm)

CN

CW (9)

MDC (cm)

DUC (cm)

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Mean + SD
Range

Sex of lambs

female (n=16)
1

3800.00+307.06
3400.00-4300.00

242.25+32.13
213.00-292.00

110.90+21.48
75.80-141.40

54.73+6.72
44.20-64.90

50.00+20.23
35.00-98.00

64.50+2.12
63.00-66.00

2.50+0.39
2.00-2.96

0.60+0.14
0.40-0.80

male (h=16)
2

4141.67+716.63
2400.00-4900.00

274.00£74.18
197.00-436.00

123.46+27.62
91.00-187.40

52.67+8.69
39.00-68.80

58.67+21.29
36.00-102.00

87.86+9.96
69.00-96.00

2.42+0.29
2.01-2.89

0.67+0.10
0.60-0.90

Statistically

significant differences

1<2; p<0.05

NS

NS

NS

NS

1<2; p<0.05

NS

NS

Statistical significance of p < 0.01; p < 0.05; SD - standard deviation; NS - no significant; BWL - lamb birth weight; PW - placental weight; PL - placental length;
WP - placental width; CN - cotyledons number; CW - cotyledons weight; MDC - mean diameter of cotyledons; DUC - umbilical cord diameter.

er forages and concentrate feeds, depending on the time of year
(summer and winter nutrition). In the grazing season from May
to October, sheep grazed in the meadow, and in the fold they

received oats, hay and straw. In the winter, from November to
April, the sheep stayed in the fold, where they were fed with oats,
straw and hay. The animals had constant access to water and
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salt licks. Sheep were mated during their natural breeding sea-
son (September) in a natural way, no oestrus synchronization
methods were used. Duration of pregnancy was determined
based on the day of mating and the success of mating was con-
firmed by transrectal ultrasound (USG scanner 480, Pie Med-
ical, linear probe with frequency of 7.5 MHz) and vaginal mu-
cus resistance measurements (ohmmeter Dramiriski, Poland)'*.
To distinguish single and multiple pregnancy, abdominal ul-
trasound was performed (USG scanner EDAN U50, sectoral
probe with frequency of 5 MHz). A total of 128 sheep were in-
cluded in the study.

Data collection

Placentas were obtained immediately after deliveries. The fol-
lowing types of placenta were obtained from single pregnan-
cies and twin pregnancies. In twin pregnancies there were:
monochorial and dichorial (Fig. 1). After delivery, the sex and
birth weight of lambs (BWL) were determined (veterinary
weight; MENSOR WEI15P2-A, Poland). In the first stage, pla-
centas obtained from single (n=94) and twin (n=16) preg-
nancies, from which live lambs were born, were used for com-
parative analyses. On the other hand, the parameters of pla-
centas obtained from monochorial twin pregnancies (n=10)
were subjected to a separate analysis due to the type of placenta,
which prevents comparative analysis with other types of pla-
centa. Due to the presence of one large placenta, the total birth
weight of lambs (TBWL) was determined for a given mono-
chorial placenta. According to the classification given by
Steven'®, monochorial placentas include chorionic sacs: joined
by avascular tips and completely fused with placental vascu-
lar asymmetry, and without asymmetry of the placental ves-
sels. The study also took into account the survival of lambs, dis-
tinguishing a group of live-born lambs and a group of dead
lambs up to 2 weeks of age.

Placenta characteristics were determined based on the following
parameters: placenta weight (PW), placenta length (PL), pla-

centa width (WP), number of cotyledons (CN), the weight of
cotyledons (CW), mean cotyledon diameter (MDC), umbil-
ical cord diameter (DUC). The length of the placenta was meas-
ured using a non-stretchy cord according to the method de-
scribed by Vernunft et al.'®. Each placenta was placed on the
countertop with the fetal surface outside and the umbilical cord
arranged centrally. Estimation of organ length was done
along the main curvature that was opposite the umbilical cord
base (Fig. 2). Necrotic placenta elements were not included in
the measurements. In turn, determination of the placenta width
was based on the method given by Winder et al.'”. The meas-
urement was taken at the widest point of the placenta after it
was cut along the curvature opposite the umbilical cord (Fig.
2). Then the number of cotyledons was estimated and isolat-
ed from the placenta, then the diameters of randomly select-
ed 10 cotyledons from the placenta were measured®. Cotyle-
don diameters were estimated by averaging the length and width
(cm) measurements'® using a caliper (Fig. 3). Then the obtained
values were averaged and the mean diameter of the cotyledons
per test placenta was obtained. All isolated cotyledons from the
placenta were weighed using the same scale as placental and
lamb weight measurements. The umbilical cord diameter was
measured using a caliper.

Statistical analysis

Statistical analysis of the study results was performed using the
Statistica program version 13.3 (StatSoft, Poland). Mean values
and standard deviations were calculated. One-way analysis of vari-
ance (ANOVA) was used to determine the significance of dif-
ferences between the normal distribution means. The Duncan
test was used as the post-hoc test. For variables that did not meet
the parameters of parametric tests, the non-parametric Kruskal-
Wallis test was used to analyze the variance. A multiple com-
parison test was used as the post-hoc test. Correlation analysis
was done by calculating Pearson and/or Spearman’s correlation
coefficients. The level of statistical significance was p <0.05.

' Figure 1

Type of placentas in twin
pregnancies: A - monochorial
placenta; B - dichorial placenta.
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Figure 2

Representative picture of sized
ovine placentas of one litter; the
line demonstrates the
measurement of placental length
(A) and width (B); C-cotyledon.

RESULTS

Table 1 presents numbers of pregnant sheep, pregnancy types,
live and dead lambs up to two weeks of age. The sex of lambs
was also taken into account. The number of sheep with single
pregnancy was more than three times higher than the num-
ber of sheep with multiple pregnancies. In the examined sheep
were born more male lambs than female lambs. In twin preg-
nancies, there were more dichorial than monochorial ones. The
mortality rate of lambs was similar in both sexes (Table 1).
Table 2 presents the average values of morphometric param-
eters of placenta and birth weight of lambs from single preg-
nancies depending on the age of the ewes. There were signif-
icant differences in placental weight, with the lowest weight for
the youngest ewes, and the highest for sheep over 5 years of age.
The length of nulliparous placenta was greater than that of old-
er sheep, but significant differences were noted between nul-
liparous placenta and ewe placenta at the age of 2-5 years. Nul-
liparous placenta also had more cotyledons than the older sheep
placenta. On the other hand, the mean diameter of the cotyle-
don was smaller than in older sheep’s placentas, with signifi-
cant differences between the cotyledons of nulliparous placenta
and the cotyledons of sheep aged 2-5 years. In the remaining
parameters, no significant differences were found between the
examined groups of ewes (Table 2).

The average birth weight of lambs and morphometric pa-
rameters of the placenta from single pregnancies, taking into
account the sex of lambs, is given in Table 3. Male lambs had
a significantly higher birth weight than female lambs. Also, the
placental weight from male pregnancies was significantly
higher than from female pregnancies. Similarly, the differences
in cotyledon weight and mean diameter of cotyledon were
shaped. However, no statistical differences were found in oth-
er parameters (Table 3).

Table 4 shows the average values of analyzed parameters of the

placenta and birth weight for female and male lambs born from
dichorial twin pregnancies. The birth weight of male lambs
was significantly higher than that of female lambs. The dif-
ferences in cotyledon weight were similar. However, no sig-
nificant differences were found in other parameters examined
(Table 4).

Table 5 presents the results regarding the comparison of the
birth weights of lambs and placental morphometric parame-
ters between single and twin dichorial pregnancies. Lambs from
single pregnancies had a significantly higher birth weight than
lambs with twin dichorial pregnancy. The placenta weight was
also significantly higher in single pregnancies than in lambs
from dichorial twin pregnancies. The differences in placental
length and the number of cotyledons were similar. In turn, the
mean diameter of cotyledon was significantly larger in twin di-
chorial placentas than in single pregnancies. No significant dif-

Figure 3 - Measurement of cotyledon using a caliper.
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Table 5 - Mean (£ SD) birth weight of lambs and morphometric parameters of sheep placenta from single and twin dichorial pregnancies.

Parameters
single (n=94)
1
BWL (g) Mean + SD 5236.17+699.44
Range 3600.00-6900.00
PW (g) Mean + SD 310.94+70.53
Range 187.00-494.00
PL (cm) Mean + SD 144.42+19.26
Range 106.60-214.00
WP (cm) Mean + SD 55.85+8.61
Range 37.50-76.70
CN Mean + SD 73.21£18.45
Range 37.00-113.00
CW (g) Mean + SD 98.10+£32.19
Range 33.50-170.00
MDC (cm) Mean + SD 2.25+0.38
Range 1.45-3.95
DUC (cm) Mean + SD 0.63+0.12
Range 0.40-0.90

Type of pregnancy

dichorial twin (n=32) Statistically
2 significant differences
4005.00+ 601.29 1>2; p<0.01
2400.00-4900.00
261.30+61.81 1>2; p<0.01
197.00-436.00
118.17+25.38 1>2; p<0.01
75.80-187.40
53.54+7.79 NS
39.00-68.80
55.20+20.79 1>2; p<0.01
35.00-102.00
82.67+£13.45 NS
63.00-96.00
2.45+0.33 1<2; p<0.05
2.00-2.96
0.64+0.12 NS
0.40-0.90

Statistical significance of p < 0.01; p < 0.05; SD - standard deviation; NS - no significant; BWL - lamb birth weight; PW - placental weight; PL - placental
length; WP - placental width; CN - cotyledons number; CW - cotyledons weight; MDC - mean diameter of cotyledons; DUC - umbilical cord diameter.

ferences were found in other parameters (Table 5).

Table 6 presents the average total birth weight of twin lambs
and placental parameters from monochorial twin pregnancies.
The average placental weight from female twin pregnancies was
significantly lower than from male twin pregnancies. In con-
trast, the weight of cotyledons was significantly higher in pla-
centa from male twin pregnancies than from female ones. No
statistical differences were found in other parameters (Table 6).
Table 7 shows correlation coefficients between the tested
morphometric parameters of the placenta, and the age of ewes
and the birth weight of lambs. It was shown that the birth weight
of lambs was positively correlated with placental weight, pla-
cental length, cotyledon number and weight. There were no sig-
nificant correlations between the age of ewes and placental pa-
rameters (Table 7).

DISCUSSION

Morphometric parameters of the sheep placenta were exam-
ined depending on the type of pregnancy, litter sex and age of
ewes, as well as the analysis of lambs birth weight. The obtained
results confirmed that the foregoing factors had an impact on
some morphometric parameters of the placenta and the birth
weight of newborn lambs. Some results of research on given
parameters were similar to those observed in the works of oth-
er authors. Additional results were also obtained that could ex-
pand knowledge in this area of sheep research.

In this study, no impact of sheep age on the weight of newborn
offspring was found. Similar observations were noted in stud-
ies of Karakus and Atmaca'®. On the other hand, other authors
showed that age of ewes no affects the birth weight of lambs?,

This study showed that the number of placental cotyledons de-
creased with increasing age, and the mean diameter of cotyle-
don increased. Results regarding the number of cotyledons were
similar to those obtained in another study?', however they dif-
fered from the results obtained by Kolosov et al.* and Pettigrew™.
It can be presumed that in older sheep, the decrease in the num-
ber of cotyledons and the increase in the cotyledon diameter
with age can lead to minimizing losses in the exchange of nu-
trients between the mother and the fetus. Parraguez et al.*
showed similar conclusions regarding the number and diam-
eter of cotyledons. It is known that cotyledons as fetal placenta
(placentomes) are responsible for nutrition of the fetus, due
to the penetration of metabolites from these structures from
the mother®. It is possible that a smaller amount of cotyledons
may affect the weight of lambs born to older sheep than by nul-
liparous. Confirmation of this hypothesis can be the results of
this work.

As the pregnancy progresses, the size of cotyledons may
change due to nutritional requirements of the fetus?. It can be
assumed that the larger diameter of cotyledon is intended to
increase the penetration of nutrients into the fetus. It can be
assumed that this is not enough to offset the smaller number
of cotyledons per placenta. Thus, it can affect the birth weight
of lambs.

This study also noted significant differences in placental
length between primiparous and older sheep. Placental length
had highest values in youngest sheep. However, there is no analy-
sis of this indicator in sheep available in the literature, which
is why it is so important to continue research in this area.
Significant differences in some placenta parameters and birth
weight were noted between female and male lambs in single
pregnancies. It was shown that placental weight, cotyledon
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Table 6 - Mean (+ SD) total birth weight of lambs from monochorial twin pregnancies and morphometric parameters of placenta.
Parameters Twin
female (n=6) male (n=4) Statistically
1 2 significant differences

TBWL (g) Mean + SD 7966.67+801.66 7875.00+309.57 NS
Range 6500.00-8600.00 7600.00-8300.00

PW (g) Mean + SD 435.33+77.75 523.75+37.62 1<2 ; p<0.05
Range 332.00-540.00 485.00-573.00

PL (cm) Mean + SD 203.82+35.85 203.90+15.47 NS
Range 167.50-271.50 182.00-215.40

WP (cm) Mean + SD 57.82+3.37 56.10+10.01 NS
Range 53.00-61.00 44.50-64.90

CN Mean + SD 95.33+11.00 105.25+14.50 NS
Range 80.00-108.00 88.00-120.00

CW (g) Mean + SD 153.75+61.45 223.00+31.11 1<2 ; p<0.05
Range 112.00-244.00 201.00-245.00

MDC (cm) Mean + SD 2.34+0.34 2.34+0.24 NS
Range 1.96-2.94 2.04-2.61

ADUC (cm) Mean + SD 0.63+0.08 0.68+0.10 NS
Range 0.50-0.70 0.60-0.80

Statistical significance of p < 0.01; p < 0.05; SD - standard deviation; NO - no significant; TBWL - total lamb birth weight; PW - placental weight; PL - placental
length; WP - placental width; CN - cotyledons number; CW - cotyledons weight; MDC - mean diameter of cotyledons; ADUC - average umbilical cord diameter.

weight and their diameters were affected by the sex of the
lambs. Similar results were obtained in the studies of other au-
thors®?. Tt is possible that this is due to the different require-
ments of the male and female fetus®?%, The male lambs, due
to their higher birth weight, compared to female lambs, need
more nutrients delivered through the placenta. Therefore, it may
increase placental weight, cotyledon weight, and mean cotyle-
don diameter in the placenta where the fetus was male.

The study also analyzed twin dichorial placentas, where
cotyledons had a larger weight in the placenta from which the
male lambs were born. As in the case of single pregnancy, the
weight of cotyledons was greater in placenta from dichorial twin
pregnancies from which male lambs were born. Similarly, the
birth weight of lambs was higher for male twins.

Other authors’ conclusions indicated that the size and weight
of the litter affect the weight of the placenta and the size of
cotyledons®. The smaller number and weight of cotyledons in
twin pregnancy dichorial placentas compared to single preg-
nancy placentas confirm these assumptions. In contrast, the in-
crease in cotyledon diameter in twin pregnancies compared to
those with single pregnancies may be the result of the placenta
trying to minimize losses in nutrient transport to twin fetus-
es, caused by a reduced amount of cotyledons in each part of
the dichorial placenta per fetus. Previous studies showed that
twin pregnancies caused changes in maternal and fetal phys-
iology differently from single pregnancies®.

In this study, differences were noted in the influence of litter
size on individual morphometric parameters of the placenta.
Some authors suggested that in cases where the placenta was
burdened with multiple pregnancy, specific interactions oc-
curred between developing offspring'!'. There may be uneven
competition for already limited resources in the twin placen-

ta, which may subsequently lead to differences in the birth
weight of twin lambs.

This study also considers the second type of monochorial twin
placenta in pregnancy. Monochorial placenta due to their struc-
ture carry a greater risk of anastomosis of placental vessels %.
It is possible that the occurrence of anastomoses of these ves-
sels limits the access to nutrients to one of the twin fetuses, and
thus affects its development and birth weight®. The available
literature has not yet included the classification of twin placenta
into dichorial and monochorial in sheep, and thus the mor-
phometric parameters of the placenta in this aspect have not
been analyzed. That is why it is so important to continue re-

Table 7 - Correlation coefficients between placental morphomet-
ric parameters and the age of ewes and lamb weight.

Age of ewes Lamb birth weight
Age of ewes -
Lamb birth weight 0.04 -
Placental weight 0.13 0.75™
Placental length 0.03 0.72**
Placental width 0.07 0.15
Cotyledons number -0.10 0.54**
Cotyledons weight 0.23 0.69*
Mean diameter of cotyledons 0.17 0.004
Umbilical cord diameter -0.14 0.14 (*) p<0.05;

(**) p<0.01
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search and extend the analysis to include placental types and
their possible impact on the morphometric parameters of the
placenta and on fetal development.

CONCLUSIONS

The obtained results indicate that processes in the body of a
ewe during pregnancy occur on many levels. These processes
are directed in particular at creating favorable conditions for
fetal development, which in turn affects the survival of new-
borns. It can be assumed that the proper course of pregnan-
cy, including the proper development of the placenta and ob-
taining its best parameters can affect success in the delivery pe-
riod. It is similar with birth weight in farm animals, which has
a great impact on the survival and further development of the
offspring®. The obtained results showed that the morphometric
parameters of sheep placenta and the birth weight of lambs de-
pend on the type of pregnancy, litter sex and age of ewes. These
results should be helpful in assessing postpartum placenta in
this animal species. In addition, recorded differences in placenta
parameters and birth weight of lambs may be useful in ultra-
sound assessment of placental and fetal development during
pregnancy.
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Abstract

Background: Ultrasonography is one of the most important techniques that enable the detection and monitoring of
pregnancy. One such study using this technique is the assessment of the hemodynamics of fetal and umbilical blood
vessels.

However, there is little data on blood flow in the placentomes, which is the basic structural unit of the sheep’s pla-
centa. Therefore, the aim of this study was to determine the Doppler parameters in the arterial vessels of the carun-
cles, cotyledons and the umbilical cord as well as measuring venous flow rates during the entire gestation period of
the sheep. Additionally, the usefulness of various other ultrasound parameters in the early diagnosis of pregnancy in
sheep was analyzed.

Results: Most of the Doppler parameters in umbilical, cotyledonary and caruncular arteries were significantly corre-
lated with the day of pregnancy (p <0.01). In the early stages of pregnancy, the peak systolic velocity (PSV), regardless
of the location of the artery, was significantly lower than that in the later stages of pregnancy (p <0.01). PSV was also
found to be significantly higher in the umbilical artery than in the cotyledonary and caruncular arteries (p <0.01).

Until the 50th day of pregnancy, the end diastolic velocity (EDV) was not found in the umbilical and cotyledon-

ary arteries. EDV was significantly higher in the caruncular arteries than in the cotyledonary and umbilical arteries
(p<0.01). The resistance index (Rl) and pulsatility index (Pl) in the early stages of pregnancy were found to be sig-
nificantly higher than that in the later stages of pregnancy (p<0.01). The Rl and Pl were significantly lower in the
caruncular arteries than in the arteries of the cotyledons and umbilical cord (p <0.01). In the umbilical vein, all Doppler
parameters were observed to be significantly higher than those in the placentomal veins (p <0.01 or p<0.05). Using
transrectal ultrasound, pregnancy was detected between 20 and 28 days after mating. The ovaries were observed to
have corpora lutea, the diameter of which was fairly consistent from the 17th to the 56th day of pregnancy.
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Conclusions: It has been demonstrated that both the location of the arterial vessel in the placental-umbilical
circulation and the gestational age have a significant impact on hemodynamic parameters. The results also provide
new insights about the blood flow in caruncular and cotyledonary arteries, which could contribute to a more holistic
understanding of hemodynamic changes in the placentas of sheep. Analyzing haemodynamic parameters in the
umbilical and placental veins are preliminary studies in sheep, but it could inspire further research in this field. Further-
more, the research conducted confirms the practicality and convenience of transrectal ultrasonography in the early
diagnosis of pregnancy in sheep and also indicates that the identification and imaging of the corpus luteum using
B-mode ultrasonography can be a very early and simple method of confirming effective mating in sheep.

Keywords: Placenta, Umbilical cord, Arteries, Veins, Corpus luteum, Doppler ultrasound, Pregnancy, Sheep

Background

Real-time ultrasound is one of the most important tech-
niques for detecting and monitoring pregnancy in sheep.
These studies take into account the characteristic images
of the uterus, the presence of the embryo and the embry-
onic vesicle, the embryo’s heartbeat, and the presence of
placentomes [1-4]. During the detection of pregnancy
using ultrasound, attention is also paid to the presence
of the corpora lutea on the ovaries. In pregnancy, the
corpus luteum formed after ovulation does not undergo
luteolysis [5]. The detection of early pregnancy is of great
importance in the management of a herd, especially
since about 30-50% of embryos do not survive this ini-
tial period [6]. Early detection of pregnancy also makes it
possible to begin the study of intrauterine development
as soon as possible, especially since the pregnant sheep is
a valuable biomedical model [7—11]. One of the earliest
processes that determine the fate of the pregnancy is the
development of functional uteroplacental and fetoplacen-
tal circulation. In sheep, placental angiogenesis begins as
early as day 18 [12, 13]. The development of the placenta
continues throughout pregnancy and is closely related
to the development of blood vessels in the placenta,
since increased blood flow is necessary for meeting the
needs of the growing fetus and for the proper exchange
of materials between the mother and the fetus [3, 14].
In sheep, the placenta is of the cotyledonous type, con-
sisting of several dozen placentomes [15]. Each placen-
tome is a functional unit composed of the maternal part
(caruncle), formed from the endometrium covering the
uterine papillae, and the fetal part (cotyledon), formed
by the union of the avascular chorion and the vascular-
ized allantois [8, 16]. Studies on the architecture of the
placenta in sheep have shown that maternal vasculariza-
tion is formed by branches of uterine radial arteries that
penetrate the caruncle from its base and then extend
along the convex surface of the caruncle. These arteries
penetrate the placenta creating numerous branches and
an extensive network of capillaries. The vein pattern is
similar, but in the opposite direction to that of the arter-
ies [17]. On the other hand, cotyledonary vessels enter

and leave the cotyledons from the region of the placen-
tome hilum [16, 17]. They are usually single arterial ves-
sels, which at the area of the hilum, divide into lateral
vessels and then branch out to form a capillary network
[17]. Conversely, the number of veins leaving the coty-
ledons is usually greater due to the presence of anasto-
moses between blood vessels from adjacent placentomes.
This vascular system is clearly visible in the postpartum
fetal membranes [15]. Oxygenated and nutrient-rich
blood flows from the placenta to the fetus through the
umbilical veins, and deoxygenated blood returns to the
placenta through the arteries [16]. In sheep, the umbilical
vascular system is made up of two arteries and two veins.
Along the umbilical cord, these vessels do not fork, but in
the chorioallantoic area, they separate into two umbilical
trunks, each of which consists of one artery and one vein.
This phenomenon is well documented in postpartum
morphometric research of sheep membranes [15]. There
is increasing evidence that disturbances in the placental-
fetal circulation causes abnormalities in fetal develop-
ment, negatively affect fetal growth and lead to low birth
weight [18, 19] and this increases the risk of morbidity
and mortality in the early postnatal stage [20, 21]. There-
fore, it is crucial to monitor the placental-fetal blood
circulation throughout pregnancy. Currently, an increas-
ingly frequently used technique in these studies is Dop-
pler ultrasonography, which is an effective, non-invasive
tool that provides information on the characteristics of
vascularization and blood flow. Studies conducted so far
in sheep have focused mainly on blood flow in the umbil-
ical, uterine and fetal arteries [3, 4, 22]. Doppler indices
obtained from these studies have provided clinically use-
ful information. However, there is little data available that
helps characterize blood flow in the blood vessels that
are responsible for forming direct vascularization of the
placentomes. Research evaluating blood flow indices in
venous vessels also appears to be interesting, especially
since the analysis of the Doppler spectrum in the umbili-
cal vein may be a useful parameter to consider in the
assessment of the proper development of the fetus [23].
Therefore, the aim of this study was to determine and
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compare the Doppler parameters in the arterial vessels
of the caruncles, cotyledons and umbilical cord during
the entire gestation period in sheep. The flow rates in the
placentomal and umbilical veins were also determined.
Additionally, the relevance of various ultrasound param-
eters in the early diagnosis of pregnancy in sheep was
also analyzed.

Results

Pregnancy was detected between the 20th and 28th day
post mating (22.21 £2.35) based on the uterine appear-
ance and the presence of the embryo and embryonic sac,
in the examined sheep.

Ultrasound examinations carried out during the
aforementioned interval showed that the uterus was
oval in shape with clearly visible hypoechoic structures
in its cross-section. On day 21, the embryos were vis-
ible (Fig. 1), and on day 25 - the gestational sac. Suc-
ceeding this observation, ultrasound evaluation of
the ovaries performed from the 17th day onwards,
indicated the presence of corpora lutea, which per-
sisted throughout the following weeks of pregnancy.
The corpora lutea were visible as gray echogenic oval
structures without a round anechoic central cavity. A
selected image of the corpus luteum is shown in Fig. 2.
By day 56, the diameters of the corpora lutea were simi-
lar to that of the previous days, but in the days follow-
ing, it was observed to have decreased significantly. The
mean values of the examined biometric parameters are
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presented in Table 1. The placentomes and umbilical
cord were first visible at 30£2.15 and 33+1.53 days
of gestation, respectively. The ultrasound images of
the placentomes and umbilical cord in this period
are shown in Figs. 3 and 4. The umbilical cord diam-
eter and length during this period were 5.28 +0.54 and
10.76 +0.62 mm, respectively, while the diameter of the
first visualized placentomes was 7.73 £ 0.69 mm.

Tables 2, 3, 4, 5 and 6 show the mean values of Dop-
pler parameters of blood flow in the placental and
umbilical arteries in pregnant sheep. Table 2 shows
the mean PSV values. In the umbilical artery, in all the
examined periods of pregnancy, PSV values were signif-
icantly higher than that in the placental arteries. Table 3
shows the mean EDV values. During the period from
35 to 50days of pregnancy, no EDV was found in the
measurements made in the umbilical artery and in the
cotyledonary arteries. A positive value of this parame-
ter was noticed only in subsequent stages of pregnancy.
In the caruncular arteries, EDV was significantly higher
than that in the cotyledons and in the umbilical cord, in
all stages of pregnancy. Also PSV/EDV differed signifi-
cantly depending on the location of the arterial vessel
(Table 4). In the umbilical artery and cotyledons, this
ratio could only be determined after day 55 of preg-
nancy. Table 5 shows the mean RI values. In caruncu-
lar arteries, RI was significantly lower than that in the
cotyledons and umbilical cord, in all examined periods
of pregnancy.

arrowhead - corpus luteum, 1 - embryo, B - urinary bladder

Fig. 1 Ultrasound image of the cross section of a sheep uterus in B-Mode on the 21st day of pregnancy. Arrow - cross-section of the uterus,

B/M(*)
F9.4H G42
4.9 FR38
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Fig. 2 Ultrasound image of the corpus luteum of a sheep in B-Mode on day 19 of pregnancy. Arrow — corpus luteum

B/M(*)

F9.4H G42

3.9 FR44

Odlegt1
14.4mm
Odlegt2

12.6mm

Table 1 Mean (£ SD) of the corpus luteum diameter, uterine cross-section, embryo and amniotic sac length at the beginning of

pregnancy in sheep (n=16)

Days of pregnancy Parameters
Diameter of corpus luteum  Cross section of uterus Length of embryo (mm) Length of
(mm) (mm) gestational sac
(mm)
17-24 1398 £ 1.83" 11.294282" 2674+067" -
25-32 132141614 25354 3.00° 71648618 20.83+047%
33-40 12,99 + 0.56" 40214794 26.5046.05¢ 305046428
41-48 13.02 £1.26* 5053 +3.58° 3735+4.16° 39.904461¢
49-56 1367 £1.014 - - -
57-64 887 % 1.00° - - -

A - indicates that the mean values in rows marked with different alphabets (A/ B/ C/ D) differ at p <0.01

Also the PI values differed significantly depending
on the location of the arterial vessel (Table 6). Table 7
shows the mean values of the Doppler parameters in
the umbilical artery during consecutive stages of preg-
nancy. Whereas Tables 8 and 9 show the mean values
of these parameters in the placental arteries. In the
early stages of pregnancy, the values of PSV and EDV,
regardless of the location of the vessel, were signifi-
cantly lower than that in the later stages of pregnancy.
On the other hand, PSV / EDV, RI and PI in the ini-
tial stages of pregnancy were significantly higher than
that in the consecutive stages of pregnancy. Most of the
Doppler parameters in the examined arterial vessels
were significantly correlated with the day of pregnancy.

The values of the correlation coefficients are presented
in Table 10. Moreover, the analysis of variance showed
that the values of Doppler parameters depended on
both the period of pregnancy and the location of the
artery. Example images of blood flow in umbilical
arteries in different stage of pregnancy are presented
in Figs. 5 and 6, and in placental arteries in Figs. 7, 8
and 9. The waveform of the Doppler spectrum in these
vessels was of a pulsating nature, which in the umbili-
cal artery and in the cotyledons, at the beginning of
pregnancy, had a saw-tooth like appearance with only
a systolic component but in the later stages of preg-
nancy, the diastolic breakdowns of the wave were also
visible. Table 11 shows the mean values of the Doppler
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Fig. 3 Ultrasound image of the placenta of a sheep in B-Mode on day 21 of pregnancy. Arrows - placenta, arrowhead - wall of the embryonic sac.

B/M{(*)
F9.4H G42
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arrowhead - embryonic vesicle sac.

Fig. 4 Ultrasound image of the umbilical cord of a sheep in B-Mode on day 35 of pregnancy. Red arrow - umbilical cord, white arrow - embryo,

F9.4 G42
3.9 FR44

Odlegtl
11.5mm

parameters of blood flow in the placental and umbili-
cal veins in the period between 70 and 90days of
pregnancy. In the umbilical vein, all parameters were
significantly higher than those in veins located in the

cotyledons and caruncles. The Doppler spectrum in
the veins was observed to be flat and wavy (Figs. 10, 11
and 12). In some of the imaged data, two spectra were
visible simultaneously: one characteristic for the artery
and the other for the vein.
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Table 2 Mean (£ SEM) values of PSV (cm/s) from placental and umbilical arteries in pregnant sheep (n=16)
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Location of the artery Period of pregnancy

(35-50days) (55-70days) (75-90 days) (95-110days)

(130-145 days)

Umbilical cord 2269 + 1344 2226 +0.74 26.15 4+ 0.53"° 2779 +£1.23°
Cotyledon 1033 £0.178 13.18 +£ 0618 1449 + 0.765 2225+ 0.79°
Caruncle 11.07 1348 1434 +1.19° 17.86 +0.51° 262 +2,32°

3124 + 143
2287 +£332°
29.18 4 3.25°

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively

Table 3 Mean (& SEM) EDV values (cm/s) from placental and umbilical arteries in pregnant sheep (n=16)

Location of the artery Period of pregnancy

(35-50days) (55-70days) (75-90 days) (95-110days)

(130-145 days)

Umbilical cord 0.00 193 +£023" 42540720 6.91 + 0.66°
Cotyledon 0.00 0.04 £ 0028 3.30 4 0.34"° 6.10 £ 0412
Caruncle 2104071 7.91 +0.92¢ 9.13 4+ 1.748 10.32 +1.85°

9.07 +092°
12104 1.13°
1221 £121°

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p <0.05, respectively

Table 4 Mean (£ SEM) values of PSV/EDV from placental and umbilical arteries in pregnant sheep (n=16)

Location of the artery Period of pregnancy

(35-50days) (55-70days) (75-90 days) (95-110days)

(130-145 days)

Umbilical cord NO 867 4 0.85" 9.56 + 1574 460 4 0.42°
Cotyledon NO 1203 £ 2818 1262 £ 4428 378 4+033°
Caruncle 0.9540.32 399 4 1.10¢ 4844 076" 3.2340.23°

422 +0.58°
177 £048°
2424051°

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively

NO - incalculable value

Table 5 Mean (£ SEM) Rl values from placental and umbilical arteries in pregnant sheep (n=16)

Location of the artery Period of pregnancy

(35-50days) (55-70days) (75-90 days) (95-110days)

(130-145 days)

Umbilical cord 1.00 095+001* 078 £ 0.08" 0.76 & 0.03?
Cotyledon 1.00 1.00 075 4 003" 067 & 003°
Caruncle 0.87+0.04 0364008 042 £ 009 0.56 & 0.12°

0.70 4 0.04*
035+0.128
0.52+0.13

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively

Table 6 Mean (£ SEM) Pl values from placental and umbilical arteries in pregnant sheep (n=16)

Location of the artery Period of pregnancy

(35-50days) (55-70days) (75-90days) (95-110days)

(130-145days)

Umbilical cord 3010124 27940128 165 =+ 0.09* 148 +£0.13°
Cotyledon 2.26 4 0.02% 255 £0.14" 13740104 140 £ 006
Caruncle 166 +0.17%° 073 +£0.15° 07940118 091 40.11°

117 +£011°
064 +0.17°
0.89 4 0.09°

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively
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Table 7 Mean (£ SEM) values of Doppler parameters in the umbilical artery during consecutive stages of pregnancy in sheep (n=16)

Period of pregnancy Parameters

PSV (cm/s) EDV (cm/s) PSV/EDV RI PI
35-50days 2269 =+ 134 0.00" NO 1.004 301 4012/
55-70days 2226 4+ 074" 1.93+023% 8674085 0.9540.01" 27940120
75-90days 26154053 425407280 9564157° 0.78+0.08° 1.65 4 0.09°
95-110days 2779 +1.23° 6.91+066%C 4604042° 0.76 £0.038 148 +£0.138
130-145days 312441438 9.07+0925 422+4058° 0.7040.04° 11740118

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively

NO - incalculable value

Table 8 Mean (£ SEM) values of Doppler parameters in the cotyledonary artery during consecutive stages of pregnancy in sheep

(h=16)
Period of pregnancy Parameters

PSV (cm/s) EDV (cm/s) PSV/EDV RI PI
35-50days 1033 £0.17% 000" NO 100" 2264 002"
55-70days 1318 £ 061% 0.04£0.02" 12.034+281° 1.00" 2554+ 1.14°
75-90days 1449 + 0.76"° 33040348 126244420 0.7540.038 137 £0.10%
95-110days 22254079 6.104041¢ 3784033 06740038 140 4+ 0.06%
130-145days 2287 43328 12.10£1.13° 177 £048° 035+0.12¢ 064 £0.17%

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively

NO - incalculable value

Table 9 Mean (+ SEM) values of Doppler parameters in the caruncular artery during consecutive stages of pregnancy in sheep

(h=16)
Period of pregnancy Parameters

PSV (cm/s) EDV (cm/s) PSV/EDV RI PI
35-50days 11.07 £1.34% 21040714 0.95 =+ 032° 0.87 & 0.04" 166+ 0.17%
55-70days 1434 4 1.19% 7.91 40928 3.99 4 1.10° 0.36 + 0.08° 073 £0.15°
75-90days 17.86 £0.51%° 9134 1.74° 484 +076° 042 4 0.09® 07940.11°
95-110days 2620 4 2.328 1032 4 1.85¢ 3234023° 0.56 £ 0.12° 091 £0.11°
130-145days 29.18 4 3.258 1221 +1.21¢ 242 4051° 0524 013" 0.89 + 0.09°

A, a - indicate that mean values in the rows marked with different alphabets differ at p <0.01 and p < 0.05, respectively

Discussion

In this study, an early detection of pregnancy was per-
formed using select ultrasound parameters and the Dop-
pler indices of blood flow in the placental and umbilical
vessels were determined. Pregnancy was detected at a
time similar to that reported by other authors who used
transrectal ultrasound for the early detection of preg-
nancy [1, 4, 24]. In these studies, the most frequently
assessed parameters was the size of the uterus from a
cross-sectional view. Images of enlarged, fluid-filled sec-
tions of the uterus are considered to be one of the earlier

signs of pregnancy [25, 26]. On the other hand, a direct
indicator of pregnancy is the presence of an embryo and
an embryonic sac. In this study, embryos and embryonic
sacs post mating were visible at times similar to those
reported by other authors [26]. Additionally, it was found
that the presence of corpora lutea on the ovaries may also
be a helpful parameter.

Typically, during the sheep breeding season, the oes-
trus cycle lasts 17-19days, with a short, 3—4day fol-
licular phase followed by a longer luteal phase [27].
Luteolysis begins around day 12, initiated by the uterine
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Table 10 Pearson correlation coefficients (r) between the day of
pregnancy and the Doppler parameters in the arterial vessels of
the placentomes and umbilical cord in sheep (n=16)

Location of the vessel Parameters Correlation Significance level
coefficients
Umbilical cord PSV 0.64 P<0.01
EDV 0.74 P<0.01
PSV/EDV —0.04 NS
RI —0.72 P<0.01
PI —0.82 P<0.01
Cotyledon PSV 0.66 P<0.01
EDV 0.90 P<0.01
PSV/EDV —0.04 NS
RI —0.90 P<0.01
Pl —0.68 P<0.01
Caruncle PSV 0.56 P<0.01
EDV 0.60 P<0.01
PSV/EDV 0.21 NS
RI —0.57 P<0.01
PI —0.48 P<0.01

NS correlation is statistically insignificant

secretion prostaglandin F2a (PGF2a) [28]. On the other
hand, the gestational corpus luteum is resistant to the
luteolytic effects of this prostaglandin [5]. Therefore, the
presence of the corpus luteum 17 days after mating may
indicate that luteolysis has not occurred. Corpus luteum
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regression causes the extinction of activity and a reduc-
tion in the size of the corpus luteum [29]. On the other
hand, in the study, the diameter of the corpus luteum
between 17 and 24 days after mating was similar in size to
that recorded by Rickard et al. [26] in sheep between the
ovulation and the pre-implantation period. Hence, the
identification of the corpus luteum/corpora lutea using
B-Mode ultrasonography can be a very early and simple
method to confirm successful mating in sheep. It seems
that an important observation is also the appearance of
the corpus luteum, which were identified as gray, echo-
genic, oval structures without a round anechoic central
cavity. Indirectly, this may indicate that these are later
stages of the development of the corpus luteum. Ear-
lier stages of the corpus luteum are characterized by the
presence of a central cavity in sheep and goats [26, 30].
In terms of the use of corpora lutea assessment for the
early detection of pregnancy in sheep, interesting results
were presented by Braganca et al. [25], Arashiro et al. [31]
and Dall et al. [32]. The authors indicate the possibility
of using Doppler ultrasound to assess the vasculariza-
tion of the corpora lutea in the detection of pregnancy.
The corpus luteum in pregnant sheep is the main source
of progesterone from days 13 to 55 of pregnancy. After
this time, this function is taken over by the placenta. Pla-
cental progesterone production is sufficient to maintain
pregnancy in ovariectomized sheep from day 55 of ges-
tation onwards [16]. This may explain the differences in
the corpus luteum diameter noted in this study, which

Fig. 5 Color Doppler ultrasound image showing hemodynamic measurements from the umbilical artery of a sheep on day 35 of pregnancy (PS
- peak systolic velocity; ED - end-diastolic velocity; R - resistance index; Ind. puls - pulsatility index). Red arrow — no ED
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Fig. 6 Color Doppler ultrasound image showing hemodynamic measurements from the umbilical artery of a sheep on day 130 of pregnancy (PS
- peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. puls - pulsatility index). Red arrow — the presence of ED

Fig. 7 Color Doppler ultrasound image showing hemodynamic measurements from the cotyledonary artery of a sheep on day 60 of pregnancy
(PS - peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. puls - pulsatility index). Red arrow — no ED
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significantly decreased at the end of the first trimester of
pregnancy. Another indicator of pregnancy is the pres-
ence of the placentomes [3, 33]. In this study, the first
placentomes were observed between the first and second
months of pregnancy. They were visible on the endome-
trial surface as areas of increased echogenicity in contrast

to the hypoechoic uterine lumen. Kasik¢i et al. [33]
observed the first placentomes on day 25, and Rickard
et al. [26] on day 29 after insemination.

In this study, the umbilical cord was visualized for
the first time around the 33rd day of pregnancy, similar
to that reported by other authors [4]. Rickard et al. [26]
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Fig. 8 Color Doppler ultrasound image showing hemodynamic measurements from the cotyledonary artery of a sheep on day 95 of pregnancy
(PS - peak systolic velocity; ED - end-diastolic velocity; RI - resistance index; Ind. puls - pulsatility index). Red arrow — the presence of ED
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Fig. 9 Color Doppler ultrasound image showing hemodynamic measurements from the caruncular artery of a sheep on day 95 of pregnancy (PS
- peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. puls - pulsatility index)
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visualized the umbilical cord already on the 23rd day of
pregnancy, while Kumar et al. [34] identified free move-
ment of the umbilical cord on the 39th day of pregnancy.
At this stage, the cross-section of the umbilical cord was
still small, but large enough to obtain a good measure-
ment of its diameter. Measurements of the umbilical cord

diameter at the beginning of pregnancy were also made
by other authors [3, 35]. From the 35th day of pregnancy,
it was also possible to estimate the blood flow veloc-
ity and other Doppler indices in the umbilical vessels. It
should be emphasized that stress-free conditions were
maintained in the study and no pharmacological agents
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Table 11 Mean (& SEM) values of Doppler parameters in the
umbilical cord and placentomal veins in the period between 70
and 90 days of pregnancy in sheep (n=16)

Parameters Location of vessel

umbilical cord cotyledon caruncle
PSV (cm/s) 1851 + 118" 1297 +1.74° 10.77 4+ 0.94°
EDV (cm/s) 1344 + 1.06° 11.50 £ 1,912 8.95 + 0.84°
PSV/EDV 144 +0.11° 1.16 £ 0.06° 1224003
RI 0.32 £ 0.05" 012+ 0018 0.18 £ 0028
PI 0.38 + 0.06" 0.14 40028 021+ 0.03°

A, a - indicates that mean values in columns marked with different alphabets
differ at p<0.01 and p <0.05, respectively

were used. During the examination, the sheep were in
standing position, which although poses difficulty for the
examiner, did not cause anxiety in the animals, which
is extremely important in this type of examination. The
possibility of carrying out hemodynamic measurements
of the umbilical artery in sheep without the use of anes-
thesia has been demonstrated in previous studies as
well [3]. In the umbilical artery, peak systolic velocity
increased as pregnancy progressed and this pattern was
also found in other studies in sheep [3, 35-37]. In this
study, as pregnancy progressed, the resistance and pulsa-
tility indices decreased, which was also observed in other
studies in sheep [3, 4, 36-38]. The end diastolic veloc-
ity was undetectable during the initial stages of preg-
nancy, while a gradual and progressive increase in this
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parameter was recorded from day 55 to the end of preg-
nancy. It is believed that the emergence of end diastolic
velocity is related to the regularity of the fetal heart cycle
and a decrease in the fetal heart rate [39].

As pointed out by Lemley [40], end diastolic veloci-
ties are clearly visible on day 90 and only poorly visible
on day 60 of gestation in sheep. Elmetwally and Mei-
necke-Tillmann [41] did not observe umbilical artery
end-diastolic velocity in goats and sheep until 12weeks
of gestation. Perhaps these differences are due to the
location from where the measurements were done. It
cannot be ruled out that the end diastolic velocity in the
umbilical cord, at the beginning of pregnancy, is less pro-
nounced the farther away from the fetus and closer to
the placenta it is. This would explain the results from the
cotyledonary arteries noted in this study, which together
with the umbilical vessels form the placental-fetal sys-
tem [16, 17]. In these vessels, EDV was undetectable or
very poorly visible until mid-pregnancy. In this study, the
blood flow in the umbilical vessels was examined near
the abdominal insert, and as reported by Acharya et al.
[42], the location of the umbilical cord being closer to
the fetus may play an important role in regulating blood
flow. It has also been suggested that the fetuses can regu-
late blood flow themselves by changing the diameter of
the umbilical veins in the umbilical ring [42]. This may
explain the differences between the flow parameters
in the umbilical and cotyledonary vessels noted in this
study. Moreover, in this study, the pulsatility and resist-
ance indices in the caruncular vessels were significantly
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Fig. 10 Color Doppler ultrasound image showing hemodynamic measurements from the umbilical vein of a sheep on day 90 of pregnancy (PS
- peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. puls - pulsatility index)

Yoppler

*.17.2l:m/s
E

Ind.puls
0.23




Brzozowska et al. BMC Veterinary Research (2022) 18:326

Page 12 of 16

g wm"w

I it A NS

Fig. 11 Color Doppler ultrasound image showing hemodynamic measurements from the umbilical vein of a sheep on day 86 of pregnancy (PS
- peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. puls - pulsatility index)
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Fig. 12 Color Doppler ultrasound image showing hemodynamic measurements from the caruncular vein of a sheep on day 70 of pregnancy (PS
- peak systolic velocity; ED - end-diastolic velocity; Rl - resistance index; Ind. puls - pulsatility index)
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lower and therefore perhaps it can be assumed that this is
required for the protection of the placenta. Saghian et al.
[43] indicate that very high blood velocity and pressure
can damage the delicate villi of the placenta, especially in
the early stages of pregnancy. Placentomes are an integral
part of the exchange between the maternal-placental and

placental-fetal circulation and are supplied with blood
from both the uterine and fetal sides [16, 17]. In addition,
very high vascular resistance in the placenta may reduce
gas exchange and nutrient delivery, which causes low
birth weight and perinatal mortality [44, 45]. In the pre-
sented study, both in umbilical and placental arteries, the
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velocity of blood flow increased, and the indices of resist-
ance and pulsatility decreased with the advancement of
pregnancy.

The relationship between the gestational age and the
hemodynamics of the umbilical cord and placental ves-
sels noted in this study, is also confirmed by the signifi-
cant correlation between the Doppler parameters and
the day of pregnancy. Such changes in vascular hemody-
namics are most likely offset by the significant increase
in volumetric blood flow in umbilical and placental ves-
sels with the progression of pregnancy [8, 46]. However,
the study noted significant differences in the size of the
examined Doppler indices between the caruncular arter-
ies and the umbilical and cotyledonary arteries. The
end diastolic velocity in the arteries of the caruncle was
shown to be higher and the pulsatility and resistance
indices lower than that in the umbilical and cotyledon-
ary arteries. As reported by Riesen et al. [47], an increase
in end diastolic velocity causes an increase in blood flow
and a decrease in the resistance index. The differences
noted in the study indicate that the hemodynamics in the
placental vessels differs in the fetal and maternal parts
of the placenta. Undoubtedly, it is related to the basic
function of the placenta, which is the exchange of mate-
rial between the maternal and fetal circulation [16, 17,
46]. Moreover, the placenta is also a metabolically active
organ [9] and it therefore seems likely that a reduction
in blood flow would first negatively affect the placenta,
as this organ is the first to experience a reduced supply
of nutrients and important substrates [7]. Doppler ultra-
sonography can distinguish between arterial and venous
blood flow in umbilical vessels [48]. The blood flow in
umbilical arteries is always pulsating, and the diameter of
these vessels is larger than the diameter of the veins and
increases with the progress of pregnancy [3].

In contrast, in the umbilical veins, the flow is continu-
ous and not pulsating. The occurrence of pulsations may
be associated with abnormal fetal development and peri-
natal complications, as observed in humans [49]. In this
study, the Doppler spectrum showing the blood flow in
the placental and umbilical veins was flat and wavy. In
some of the imaged data, especially in the umbilical ves-
sels, the two spectra were visible simultaneously: one
characteristic for the artery and the other for the vein.
Similar images were also presented in the umbilical veins
of goats [34]. An almost constant flow velocity was dem-
onstrated in the cotyledonary and caruncular veins. In
contrast, in the umbilical vein, the peak systolic veloc-
ity and the end diastolic velocity were higher than that
in the placental veins. Perhaps these higher values in the
umbilical veins are due to their proximity to the fetus. As
reported by Pennati et al. [50], umbilical vein flow veloc-
ity profiles vary along the umbilical cord. Venous flow is

Page 13 of 16

more susceptible to disturbances related to fetal move-
ment than arterial flow [51]. In this study, a high value of
diastolic velocity, close to the peak systolic velocity, was
recorded in the examined venous vessels. The lack of the
end diastolic velocity is believed to reflect an increased
resistance in placental-fetal circulation, which may have
adverse effects [52].

Conclusion

The obtained results indicate that both the location of the
arterial vessel in the placental-umbilical circulation and
the gestational age have a significant impact on hemody-
namic parameters. The results also provide new insight
into blood flow in caruncular and cotyledonary arteries,
which will contribute to a more holistic understanding
of hemodynamic changes in sheep’s placenta. The stud-
ies conducted on haemodynamic parameters in venous
umbilical vessels and placental vessels are preliminary
studies in sheep, but may inspire further research in this
field. Moreover, this research confirms the usefulness
of transrectal ultrasonography in the early detection of
pregnancy in sheep. We also indicate that the identifi-
cation and imaging of the corpus luteum using B-mode
ultrasound can be a very early and simple method of con-
firming effective mating in sheep.

Material and methods

Animals and the layout of the experiment

The study was carried out on 16 Suffolk sheep kept on
an organic sheep farm in the Experimental Station of
the National Research Institute of Animal Production
in Kolbacz (Poland: latitude 53’30” N). The sheep were
kept in the pastures and indoor systems. The feeding was
carried out in accordance with the standards adopted
for this species, which is based on pasture green, other
roughage and concentrated fodder, depending on the
season. The animals had constant access to water and
salt licks. The examined sheep are healthy multiparous
females, aged 3 to 4 years, with an even body weight (55—
60kg). The sheep were mated during their natural breed-
ing season (September). The estrus was detected using a
teaser ram, and mating was hand-service. The duration
of pregnancy was determined on the basis of the date of
mating. The effectiveness of mating was examined with
the transrectal ultrasound (USG scanner EDAN U50, lin-
ear probe with 4 MHz frequency). After delivery, the date
of conception was confirmed retrospectively by assum-
ing that the pregnancy lasted 148 days [3]. The following
parameters were taken into account in the early detection
of pregnancy: the size and echogenicity of the uterine
cross-section, the presence of corpora lutea on the ova-
ries, and the presence of the embryo and the gestational
sac in the uterus. The time when the placentomes and
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umbilical cord were first visible was also noted. These
parameters were assessed from the 17th day after mating
at intervals of several days. In order to measure the blood
flow in the umbilical arteries and the placentomes, the
study was started on day 35 and continued throughout
the pregnancy at intervals of several days. These analyses
included 5 periods: 1st period (35-50days), 2nd period
(55-70days), 3rd period (75-90days), 4th period (95—
110days) and 5th period (130-145days). The blood flow
in the veins was measured from day 70 to day 90 of preg-
nancy. In order to eliminate the possible influence of the
size of the litter on the examined parameters, only single
pregnancies were analyzed, which were diagnosed during
transrectal examination and confirmed during delivery.

Ultrasound examination

Ultrasound examinations were performed on pregnant
sheep that had not been previously sedated. The exami-
nation was always performed by the same experienced
and trained operator, in a quiet and dimly lit room. The
ultrasound examination was performed using an ultra-
sound scanner (USG scanner EDAN U50) equipped with
a linear probe with a frequency of up to 4 MHz (Model,
V742UB) and a sector probe with a frequency of up to
5MHz (Model, C352UB).

In the initial stages of pregnancy, ultrasound was per-
formed transrectally, and in subsequent stages of preg-
nancy, sheep were examined transabdominally. Sheep
were in standing position during the ultrasound exami-
nation. Prior to insertion of the probe, fecal pellets were
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removed from the rectum. About 20ml of ultrasound
gel was introduced rectally for better visualization of
the organs [3, 14, 32]. Prior to transabdominal exami-
nation, the inguinal and caudal abdomen were shaved
and the skin was cleansed with soap and water. A suf-
ficient amount of transmission gel was applied before
the ultrasound examination. Each sheep was examined
for the free part of the umbilical cord near the abdomi-
nal insertion and for 5 randomly selected placentomes,
which were scanned using ultrasound in the B mode.
Color Doppler was used to identify arterial and venous
vessels in the umbilical cord, cotyledons and caruncles
(Fig. 13). Each time, after locating the blood vessels, the
blood flow in the arteries and veins was measured using
the Doppler pulse wave ultrasound technique. The fol-
lowing Doppler parameters were determined: peak sys-
tolic velocity (PSV), end diastolic velocity (EDV), PSV/
EDV ratio, resistance index [RI=(PSV-EDV)/PSV] and
pulsatility index [PI=(PSV-EDV)/mean velocity]. The
flow angle during the examination was kept as close to
0 degrees as possible, with appropriate angle adjust-
ments being made when necessary. Doppler imaging
for each sheep lasted from 20 to 30 minutes. Doppler
measurements of blood flow in the arteries were made
on 5-7 continuous, regular waves of the Doppler spec-
trum, while venous flows took into account the entire
visible spectrum. Measurements were not recorded
during maternal and fetal movements. In the event of
any signs of distress or tachypnea, the examination was
discontinued and repeated at a later time.

Fig. 13 Color Doppler ultrasound of a sheep placenta on day 70 of pregnancy. Arrows - vessels of caruncle, arrowhead - vessels of cotyledon
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Statistical analysis

The obtained results were further submitted for statistical
analysis. The results concerning the ultrasound biometric
parameters assessed in the early period of pregnancy are
represented as mean =+ SD, while the results of the Dop-
pler parameters are represented as mean+SEM. Dif-
ferences between the means of individual groups were
analyzed using the post hoc test. Duncan’s multiple
range test was used to verify the significance of differ-
ences at P<0.01 and P<0.05. In order to determine the
influence of the gestation period and the location of the
blood vessel on the blood flow parameters, the multivari-
ate analysis of variance (ANOVA) was performed, where
the grouping variable was the gestational age and the
location of the arterial vessel, and the dependent variable
was the Doppler parameter. The F-test was used to deter-
mine the significance level. The correlations between the
examined parameters and the day of gestation were cal-
culated using the Pearson rank correlation coefficient (r).
Statistical analyses were conducted using the STATIS-
TICA version 13.3, Stat Soft, Poland.
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O$wiadczenia wspélautoréw pracy zespolowej wskazujgce ich wkiad do pracy

doktorskiej mgr inz. Angeliki Brzozowskiej.
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