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STRESZCZENIE

Dojrzewanie plciowe to wieloczynnikowy 1 ztozony proces, warunkowany
migdzy innymi osiggnigciem odpowiedniej masy ciata oraz krytycznej masy tkanki
thuszczowej a takze wlasciwym funkcjonowaniem endokrynnych mechanizmow
regulacyjnych. W przypadku przezuwaczy terminowe osiggniecie dojrzatosci plciowej
przyczynia si¢ do zwigkszenia wydajno$ci rozrodczej stada oraz ekonomicznej
efektywnosci hodowli. Jednym z problemow, obserwowanych w pierwszym roku zycia
zwierzat, jest opdznienie dojrzewania, ktore wigze si¢ z zaburzeniami metabolicznymi
i neurohormonalnymi.

KNDy (K — kisspeptyna, N — neurokinina B, Dy — dynorfina) to neuropeptydy
produkowane 1 wydzielane m.in przez jadro tukowate podwzgodrza, uczestniczagce
w neuroendokrynnej regulacji rozwoju i funkcjonowania uktadu rozrodczego. Kisspeptyny,
w tym kisspeptyna-10 (KiSS-10), odgrywaja wazna rol¢ w inicjowaniu procesu
dojrzewania, aktywuja neurony GnRH, pobudzajac produkcje 1 wydzielanie
gonadoliberyny, a w konsekwencji sekrecj¢ LH oraz FSH z przysadki moézgowe;.
Nieliczne doniesienia dowodza, ze neurokinina B (NKB) i dynorfina A (Dyn A)
réwniez mogg uczestniczy¢ w regulacji proceséw rozrodczych u przezuwaczy. Dotychczas
brakowato jednak danych nt. zalezno$ci pomigdzy uktadem neurohormonow KiSS, NKB
1 Dyn A a czasem inicjacji dojrzewania ptciowego u owiec. Ponadto, dost¢gpne doniesienia
na temat wptywu NKB i Dyn A na wydzielanie gonadotropin przez komorki przysadki
moézgowej in vitro s3 nieliczne, niejednoznaczne i1 nie odnoszg si¢ do owiec. Brak
tez danych o bezposrednim oddzialywaniu NKB i1 Dyn A na sekrecje KiSS-10 na poziomie
przysadki mézgowej owiec w okresie dojrzewania ptciowego.

Dos$wiadczenie zostalo przeprowadzone w dwoch etapach. W  pierwszym,
zrealizowanym w warunkach in vivo, zostaly wykorzystane dwadziescia cztery jarki rasy
Uhruska. Pierwsza grupa skladata si¢ z jagniat pochodzacych z cigzy pojedynczej
(S; n = 13), natomiast druga grupa z jarek pochodzacych z cigzy blizniaczej i tym samym
predysponowanych do op6znionego dojrzewania ptciowego (T; n = 11). Celem pracy byto
okreslenie zmian stezen KiSS-10, NKB, Dyn A w osoczu krwi jarek w okresie
od czwartego do dziesigtego miesigca zycia jak rowniez analiza zalezno$ci pomiedzy
stezeniem tych neuropeptydow a terminem pierwszej owulacji obu badanych grup owiec.

Celem drugiego etapu do$wiadczenia, przeprowadzonego w warunkach in vitro, byto



z kolei zbadanie wptywu KiSS-10, NKB i Dyn A na wydzielanie LH oraz FSH oraz analiza
oddziatywania NKB i Dyn A na wydzielanie KiSS - 10 przez komorki przysadki
gruczolowe;j jarek.

Badania przeprowadzone w warunkach in vivo wykazaty, iz wiek, w ktorym jarki
osiggaja dojrzatos¢ plciowa, zalezy od typu ciazy, z ktérej pochodza (pojedyncza/mnoga),
tempa przyrostow masy ciata oraz ste¢zenia analizowanych neuropeptydéw w osoczu krwi.
U owiec pochodzacych z cigzy pojedynczej pierwszg owulacje stwierdzono w wieku
8 miesiecy, natomiast z cigzy blizniaczej 2 miesigce pozniej. Srednia masa ciala owiec
pochodzacych z cigzy pojedynczej przez caty okres badan byta wyzsza niz w grupie owiec
pochodzacych z cigzy blizniaczej. Zarowno u owiec z grupy S jak 1 T wykazano dodatnig
korelacje migdzy zmianami st¢zen KiSS-10 i NKB w osoczu krwi wraz z wiekiem
(S: r=0.86, T: r = 0.89). Rownoczesnie, w tych samych warunkach, stwierdzono ujemna
korelacje migdzy KiSS-10 a Dyn A (S: r =-0.55, T: r = -0.98) oraz migdzy NKB a Dyn A
(S: r=-0.89, T: r = -0.94). U owiec pochodzacych z cigzy pojedynczej zapoczatkowanie
KiSS-10 (S: 95,28 +5,21 ng/l) oraz NKB (S: 384,19 +38,36 ng/l) po ukonczeniu
8. miesigca zycia, natomiast u owiec pochodzacych z cigzy blizniaczej ze znaczacym
wzrostem stezenia KiSS-10 (T: 95,80 +7,4 ng/l) w 10. miesigcu zycia, poprzedzonym
wzrostem stezenia NKB (T: 364,70 +47,52 ng/l) po ukonczeniu 9. miesigca zycia.
Opdznienie dojrzewania plciowego u owiec pochodzacych z grupy T powigzane byto
z utrzymujacym si¢ do ukonczenia 8. miesigca zycia wyzszym poziomem Dyn A przy
rownoczesnie nizszych stezeniach KiSS-10 1 NKB w osoczu krwi w poréwnaniu do grupy
S (publikacja nr 3).

W drugim etapie badan przeprowadzonych w warunkach in vitro wykazano
bezposredni wptyw KiSS-10, NKB i Dyn A na wydzielanie gonadotropin przez komorki
przysadki gruczotowej owiec. Po 4, 12 1 24 godzinach ekspozycji na KiSS-10 stwierdzono
wzrost wydzielania LH (10'-10® M KiSS-10) oraz FSH (10''-107 M KiSS-10)
w porownaniu z kontrolg. Najwyzszy poziom wydzielania LH odnotowano
po 24-godzinnej ekspozycji komorek na 108 M KiSS-10. Statystycznie istotny (P < 0,05)
wzrost wydzielania FSH zaobserwowano po 12 i 24 godzinach przy stezeniu 10 M KiSS-
10 w poréwnaniu z kontrolg. NKB i Dyn A we wszystkich zastosowanych st¢zeniach
(10"'-107 M) pobudzaly wydzielanie zarébwno LH, jak i FSH. Najsilniejsze dzialanie
stymulujace (P < 0,05) na wydzielanie LH zaobserwowano po 12- i 24-godzinnej

ekspozycji na 10 M NKB. Wydzielanie FSH osiggneto maksimum po 12 i 24 godzinach



ekspozycji komorek na najwyzsze stezenie (107 M) NKB. Wartosci te byty statystycznie
istotnie (P < 0,05) wyzsze w pordwnaniu z kontrolg. Dyn A w stezeniach 1071°-107 M
istotnie statystycznie (P < 0,05) zwigkszata wydzielanie LH, natomiast w st¢zeniach
10-10° M (P < 0,05) wydzielanie FSH w poréwnaniu do kontroli (publikacja nr 1).
Wplyw NKB na wydzielanie KiSS-10 przez komorki przysadki gruczotowej zalezat
od czasu ekspozycji i jej stezenia w podiozu hodowlanym. NKB, w przeciwienstwie
do Dyn A, miata znaczacy (P < 0,05) wptyw na wydzielanie KiSS-10 z komorek przysadki
gruczotowej owiec po 6, 12, 18, 24 godzinach w stezeniu 10® M oraz po 24 godzinach
w stezeniu 107 M. Dyn A we wszystkich zastosowanych stezeniach (107'-107 M)
przez caly okres trwania doswiadczenia nie miala znaczacego wplywu na wydzielanie
KiSS-10 (publikacja nr 2).

Uzyskane pionierskie wyniki wskazuja na znaczaca role badanych neuropeptydow
w kontroli inicjacji aktywno$ci rozrodczej u owiec. Stwierdzono bezposrednie
odziatywanie KiSS-10, NKB 1 Dyn A na sekrecj¢ gonadotropin na poziomie przysadki
gruczotowej. Ponadto pobudzajacy wptyw NKB na wydzielanie KiSS-10 z komorek
przysadki $wiadczy o mozliwosci posredniego oddziatywania tego neuropeptydu

na wydzielanie gonadotropin (gtéwnie LH).

Stowa kluczowe: dojrzewanie plciowe, dynorfina A, gonadotropiny, kisspeptyna-10,

neurokinina B
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SUMMARY

Puberty is a multifactorial and complex process determined, among others,
by the attainment of an appropriate body weight and a critical adipose tissue mass
and the proper functioning of endocrine regulatory mechanisms. In ruminants, the timely
attainment of sexual maturity contributes to increased reproductive performance
of the flock and to the economic efficiency of breeding. One of the problems observed
during the first year of life in animals is delayed puberty, which is associated
with metabolic and neurohormonal disturbances.

KNDy (K — kisspeptin, N — neurokinin B, Dy — dynorphin) are neuropeptides
produced and secreted, among others, by the arcuate nucleus of the hypothalamus. They
are involved in the neuroendocrine regulation of the development and functioning
of the reproductive system. Kisspeptins, including kisspeptin-10 (KiSS-10), play
an important role in the initiation of puberty; they activate GnRH neurons, thereby
stimulating the production and secretion of gonadoliberin and, consequently, the secretion
of LH and FSH from the pituitary gland. Limited reports indicate that neurokinin B (NKB)
and dynorphin A (Dyn A) may also participate in the regulation of reproductive processes
in ruminants. However, to date, there have been no data on the relationship between
the KiSS, NKB, and Dyn A neurohormone system and the timing of puberty initiation
in sheep. Moreover, the available reports on the effects of NKB and Dyn A
on gonadotropin secretion by pituitary cells in vitro are ambiguous and do not relate
to sheep. There are also no data on the direct effects of NKB and Dyn A on KiSS-10
secretion at the pituitary level in ewes during puberty.

The experiment was conducted in two stages. In the first stage, carried out under
in vivo conditions, twenty-four Uhruska ewe lambs were used. The first group consisted
of lambs derived from singleton pregnancies (S; n = 13), whereas the second group
comprised ewe lambs from twin pregnancies and thus predisposed to delayed puberty
(T; n = 11). The aim of the study was to determine changes in plasma concentrations
of KiSS-10, NKB, and Dyn A in ewe lambs from the fourth to the tenth month of life
and to analyse the relationship between the concentrations of these neuropeptides
and the timing of the first ovulation in both groups of sheep. The aim of the second stage
of the experiment, conducted under in vitfro conditions, was to investigate the effects
of KiSS-10, NKB, and Dyn A on LH and FSH secretion and to analyse the influence
of NKB and Dyn A on KiSS-10 secretion by anterior pituitary cells in ewe lambs.
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The in vivo studies demonstrated that the age at which ewe lambs attain sexual
maturity depends on the type of pregnancy from which they originate (singleton/multiple),
the rate of body weight gain, and the concentrations of the analysed neuropeptides in blood
plasma. In sheep originating from singleton pregnancies, the first ovulation was observed
at 8 months of age, whereas in those derived from twin pregnancies it occurred 2 months
later. The mean body weight of ewes from singleton pregnancies was higher throughout
the entire experimental period than in the group coming from twin pregnancies. In both
the S and T groups, a positive correlation was demonstrated between changes in plasma
KiSS-10 and NKB concentrations with age (S: r = 0.86, T: r = 0.89). At the same time,
under the same conditions, a negative correlation was found between KiSS-10 and Dyn A
(S: r=-0.55, T: r = -0.98), as well as between NKB and Dyn A (S: r=-0.89, T: r =-0.94).
In singleton ewes, the initiation of ovarian activity was associated with a statistically
significant (P < 0.05) increase in KiSS-10 (S: 95.28 + 5.21 ng/l) and NKB (S: 384.19
+ 38.36 ng/l) concentrations after 8 months of age, whereas in sheep coming from twin
pregnancies, it was associated with a significant increase in KiSS-10 concentration
(T: 95.80 £ 7.4 ng/l) in the 10th month of life, preceded by an increase in NKB
concentration (T: 364.70 = 47.52 ng/l) after 9 months of age. Delayed puberty in sheep
from group T was associated with a persistently higher level of Dyn A up to 8 months
of age, accompanied by lower plasma concentrations of KiSS-10 and NKB compared
with group S (publication no. 3).

In the second stage of the study, conducted under in vitro conditions, a direct effect
of KiSS-10, NKB, and Dyn A on gonadotropin secretion by ovine anterior pituitary cells
was demonstrated. After 4, 12, and 24 hours of exposure to KiSS-10, an increase in LH
secretion (107! —10®* M KiSS-10) and FSH secretion (10''-107 M KiSS-10) was found,
compared with the control. The highest level of LH secretion was recorded after 24-hour
exposure of cells to 10 M KiSS-10. A statistically significant (P < 0.05) increase in FSH
secretion was observed after 12 and 24 hours at a concentration of 10° M KiSS-10
compared with the control. NKB and Dyn A, at all concentrations used (1071107 M),
stimulated the secretion of both LH and FSH. The strongest stimulatory effect (P < 0.05)
on LH secretion was observed after 12- and 24-hour exposure to 10® M NKB. FSH
secretion reached its maximum after 12 and 24 hours of cell exposure to the highest
concentration (107 M) of NKB. These values were statistically significantly higher
(P < 0.05) than those in the control. Dyn A at concentrations of 101°-107 M significantly

increased LH secretion (P < 0.05), whereas at concentrations of 107!'-10° M,
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it significantly increased FSH secretion (P < 0.05), compared with the control (publication
no. 1). The effect of NKB on KiSS-10 secretion by anterior pituitary cells depended
on the duration of exposure and its concentration in the culture medium. NKB, unlike Dyn
A, had a significant effect (P < 0.05) on KiSS-10 secretion from ovine pituitary cells after
6, 12, 18, and 24 hours at a concentration of 10 M, and after 24 hours at a concentration
of 107 M. Dyn A, at all concentrations used (10"''-10"7 M), had no significant effect
on KiSS-10 secretion throughout the duration of the experiment (publication no. 2).

The obtained pioneering results indicate a significant role of the studied
neuropeptides in the control of initiation of reproductive activity in sheep. A direct effect
of KiSS-10, NKB, and Dyn A on gonadotropin secretion at the pituitary level
was demonstrated. Moreover, the stimulatory effect of NKB on KiSS-10 secretion
by ovine anterior pituitary cells indicates the possibility of an indirect effect

of this neuropeptide on gonadotropin secretion, mainly LH.

Keywords: dynorphin A, gonadotropins, kisspeptin-10, neurokinin B, puberty
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WSTEP

Dojrzewanie plciowe to wieloczynnikowy 1 ztozony proces, warunkowany
migdzy innymi osiggnigciem odpowiedniej masy ciata oraz krytycznej masy tkanki
tluszczowej, a takze wlasciwym funkcjonowaniem endokrynnych mechanizméow
regulacyjnych. W przypadku przezuwaczy terminowe osiggnigcie dojrzatosci plciowej
przyczynia si¢ do zwigkszenia wydajnosci rozrodczej stada jak rowniez ekonomicznej
efektywnosci hodowli. Jednym z problemoéw, obserwowanych w pierwszym roku zycia
zwierzat, jest opdznienie dojrzewania, ktore wigze si¢ z zaburzeniami metabolicznymi
jak 1 neurohormonalnymi (Abadjieva i in. 2011, Castellano i in. 2005, Seminara i in. 2003).
Niska urodzeniowa masa ciata jest jedng z przyczyn opoznionego dojrzewania plciowego
u owiec. Problem ten dotyczy przede wszystkim jagniagt pochodzacych z cigzy mnogiej
oraz bedacych potomstwem matek o wysokiej masie ciata (Kosior -Korzecka i in. 2012,
Rosales Nieto C.A. i in. 2013, Rosales Nieto C.A. i in. 2014). Osiagni¢cie dojrzatosci
plciowej poprzez aktywacje osi podwzgorze-przysadka-jajniki (HPO) zalezy od obecnos$ci
zapasoOw tluszczu zawartych w podskérnej jak 1 trzewnej tkance tluszczowej,
a takze kluczowych sygnatdéw metabolicznych, m. in. odpowiedniego stezenia leptyny
w osoczu krwi (Woller i in. 2001). Leptyna, peptyd uwalniany z bialej tkanki thuszczowe;j,
wigzac si¢ z receptorami OB-Rb i OB-Ra w podwzgorzu, powoduje aktywacje neuronéw
GnRH, doprowadzajac do uwalniania gonadoliberyny, a w konsekwencji do sekrecji LH
1 FSH przez przedni ptat przysadki mézgowej (Smith i in. 2006, Woller i in. 2001).
W podwzgorzu, w odziatywaniu tym, posrednicza liczne czynniki neuronalne, w tym
kisspeptyny (KiSS) (Ahima 1 in. 2011, Hausman 1 in. 2012, Qiu 1 in. 2011). KiSS, razem
z neurokining B (NKB) oraz dynorfing A (Dyn A), zbiorczo okre$lane jako KNDy,
to kluczowe neuropeptydy produkowane i wydzielane przez jadro tukowate podwzgorza
(ARC), biorace udziat w endokrynnej kontroli dojrzewania ptciowego.

KiSS, kodowane przez gen KISSI, naleza do rodziny hormonéw RF-amidowych.
Wiazac si¢ ze swoim receptorem sprzezonym z biatkiem G 54 (GPR54) na neuronach
ARC i pola przedwzrokowego (POA) podwzgodrza inicjuja wzrost pulsacyjnego
wydzielania GnRH, co doprowadza do uwalniania LH oraz FSH. Wiadomo, Ze centralne
podanie KiSS-1 zwigksza stezenie LH w osoczu u samic szczurow Wistar
przed osiaggnigciem dojrzatosci piciowej (Navarro i in. 2004), natomiast KiSS podana

dokomorowo u owiec stymuluje wydzielanie LH w okresie anestrus (Messager i in. 2005).
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Redmond i in. (2011) wykazali, ze dozylne podanie KiSS u owiec przed okresem
dojrzewania nasila pulsacyjne wydzielanie LH. Dodatkowo, badania przeprowadzone
na jarkach rasy Small Tail Han Sheep dowiodly, iz dozylna administracja KiSS-10
w stezeniach 0,5; 1 i 2 mg zwigkszata sekrecje LH (Wang i in. 2012). Wysoki poziom
ekspresji receptorow GPR54 stwierdzono takze w komorkach gonadotropowych,
co wskazuje na mozliwo$¢ bezposredniego oddzialywania KiSS na poziomie przysadki
mozgowej (Luque i1 in. 2011, Richard i in. 2009). Suzuki 1 in. (2008) wykazali bezposredni
stymulujacy wpltyw KiSS-10 na wydzielanie LH przez komorki przedniego ptata przysadki
bydta i $wini. Wszelkie nieprawidtowos$ci w uktadzie KiSS/GPR54 moga powodowac
rozne formy zaburzen rozrodczych, m. in. opdznienie dojrzewania plciowego

lub idiopatyczny hipogonadyzm hipogonadotropowy (Kant i in. 2020).

KiSS wraz z NKB s3 kluczowymi neuropeptydami, biorgcymi udziat
w endokrynnej regulacji procesu dojrzewania ptciowego (Navarro 2013). NKB kodowana
przez gen TAC3 u owiec (Li 1 in. 2020), to 10-aminokwasowy peptyd nalezacy do rodziny
tachykinin, m.in. razem z neurokining A oraz substancjg P (Pinilla i in. 2012). Do tej pory
zidentyfikowano trzy receptory tachykinin: dla neurokininy-1 (NKI1R), neurokininy-2
(NK2R) oraz neurokininy-3 (NK3R), ktory jest receptorem dla NKB (Pinilla i in. 2012).
Receptor NK3R wystepuje gtownie w osrodkowym uktadzie nerwowym, gdzie jest
ekspresjonowany przez neurony KNDy w ARC (Navarro i in. 2009). Uktad NKB/NK3R
jest regulowanym przez hormony plciowe, jednym z gltéwnych modulatoréw osi HPO
(Navarro i in. 2009). NKB jest wazng skladowa mechanizmu odpowiedzialnego
za inicjacje procesu dojrzewania plciowego owiec, poniewaz aktywacja receptora NK3
dla NKB wywotuje wydzielanie LH w sposob zalezny od GnRH (Bedenbaugh 1 in. 2020).
Wiadomo, ze mutacje w genach 7AC3 lub TACR3, kodujacych odpowiednio neurokining
B (NKB) lub jej receptor NK3R, powoduja wystapienie hipogonadyzmu
hipogonadotropowego u ludzi (Rance i in. 2010, Topaloglu i in. 2009, Young i in. 2010).
Badania przeprowadzone przez Nestor 1 in. (2012) wykazaty, iz jednokrotne dozylne
podanie senktydu (agonisty NKB) zwi¢kszalo wydzielanie LH u samic owiec przed
okresem dojrzewania ptciowego. Co wigcej, Aerts i in. (2024) wykazali, ze uszkodzenie
neuronow KNDy u owiec spowodowane podaniem NK3-Saporyny do obszaru ARC,
doprowadzito do wystgpienia opdznionego dojrzewania piciowego.

Dyn A, kodowana przez gen Pdyn, to zwiazek z rodziny endogennych peptydow

opioidowych, ktéra obejmuje réwniez B-endorfing i enkefaling (Uenoyama i in. 2021).
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Receptorem dla dynorfiny jest opioidowy receptor kappa (KOR), silnie ekspresjonowany
w osrodkowym uktadzie nerwowym, zwlaszcza w neuronach KNDy oraz GnRH (Weems
1 in. 2018). Funkcja dynorfiny jako endogennego peptydu opioidowego polega na inhibicji
wydzielania hormonéw gonadotropowych oraz zmniejszeniu odpowiedzi LH
na kisspeptyn¢ -10 (KiSS — 10) (Pinilla 1 in. 2012). Lopez 1 in. (2016) wykazali,
ze dokomorowe podanie antagonisty KOR (norbinaltorfiminy) znaczgco podnosito $rednie
poziomy LH w porownaniu z grupa kontrolng u owiec poddanych ovariektomii
przed osiagnigciem dojrzatosci ptciowej, po aplikacji implantu estrogenowego. NKB i Dyn
A moga odgrywac wazng rol¢ w syntezie oraz sekrecji hormondw na poziomie przedniego
ptata przysadki (Mijiddorj 1 in. 2012). Badania przeprowadzone na mysiej linii
komorkowej LPT2 wykazaty obecno$s¢ NK3R i KOR, jednak zarowno NKB jak i Dyn
nie aktywowaty promotora FSHf i LHB (Mijiddorj i in. 2012).

Dostegpne doniesienia na temat wptywu NKB i1 Dyn A na wydzielanie gonadotropin
przez komorki przysadki gruczotowej in vitro sa nieliczne, niejednoznaczne 1 nie odnosza
sic¢ do owiec (Ryc. 1.). Brakuje rowniez danych dotyczacych bezposredniego
oddziatywania NKB i Dyn A na sekrecj¢ KiSS-10 na poziomie przysadki mézgowej owiec
w okresie dojrzewania plciowego, jak rowniez zalezno$ci pomigdzy ukladem

neurohormonow KiSS, NKB i Dyn A a czasem inicjacji dojrzewania ptciowego u owiec.
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Rye. 1. Rola kisspeptyny-10 (KiSS-10), neurokininy B (NKB) i dynorfiny A w regulacji hormonalnej
dojrzewania plciowego, ARC — jadro tukowate podwzgorza; KNDy — kisspeptyna, neurokinina B i dynorfina;
GPR54 — receptor blonowy zwigzany z biatkiem G54; NK3R — receptor neurokininy 3; KOR — receptor
opioidowy kappa; GnRH — gonadoliberyna; LH — hormon luteinizujacy; FSH — hormon folikulotropowy;
+ — dziatanie pobudzajgce; — — dziatanie hamujace; ? — rola nieznana

(zrodto: Szysiak N., Kosior-Korzecka U., Longo V., Patkowski K., Greguta-Kania M., Nowakiewicz A., Bochniarz M.,

Junkuszew A.: Influence of neurokinin B, dynorphin A and kisspeptin-10 on in vitro gonadotropin secretion by anterior

pituitary cells isolated from pubescent ewes. J Vet Res 2025, 69, 121-129, doi: 10.2478/jvetres-2025-0003.)
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HIPOTEZA I CEL BADAN

Niska urodzeniowa masa ciala jest jednym z czynnikéw powodujacych zaburzenia
aktywnosci reprodukcyjnej poprzez opoOznienie dojrzewania plciowego, co stanowi
problem natury ekonomicznej u owiec ras wysokoplennych. Owce nie osiggaja wtedy
dojrzatosci piciowe] w pierwszym sezonie rozptodowym. KiSS-10, NKB i1 Dyn A,
zbiorczo okre$lane jako neuropeptydy KNDy 1 uznawane za kluczowe zwigzki
produkowane 1 wydzielane przez jadro tukowate podwzgérza (ARC), biorg udziat
w endokrynnej regulacji poczatku dojrzewania. W zwigzku z powyzszym prowadzone
badania maja réwniez istotny aspekt ekonomiczny w odniesieniu do hodowli zwierzat
gospodarczych. Dotychczas brakowato jednak danych nt. zalezno$ci pomiedzy uktadem
neurohormonow KiSS, NKB 1 Dyn A a czasem inicjacji dojrzewania ptciowego u owiec.
Ponadto, dostgpne doniesienia na temat wptywu NKB 1 Dyn A na wydzielanie
gonadotropin przez komorki przysadki mézgowej in vitro s3 nieliczne, niejednoznaczne
1 nie odnoszg si¢ do owiec. Brak tez danych o bezposrednim oddziatywaniu NKB i Dyn A
na sekrecje KiSS-10 na poziomie przysadki mozgowe] owiec w okresie dojrzewania

ptciowego. W zwiazku z powyzszym postawiono nastgpujace hipotezy badawcze:

e Istnieje zalezno$¢ pomigdzy stezeniem kisspeptyny-10, neurokininy B i dynorfiny

A w osoczu krwi oraz masg ciata owiec a terminem pierwszej owulacji.

e Kisspeptyna-10, neurokinina B oraz dynorfina A oddzialuja na wydzielanie

hormonéw gonadotropowych przez komoérki przysadki gruczotowej jarek in vitro.

e Neurokinina B 1 dynorfina A maja wplyw na sekrecj¢ kisspeptyny-10

przez komorki przysadki gruczotowej jarek w warunkach in vitro.

Weryfikacja powyzszych hipotez badawczych wymagata realizacji nastgpujacych

celow szczegdlowych takich jak:
1. Analiza zmian stezen kisspeptyny-10, neurokininy B i dynorfiny A w osoczu krwi

oraz masy ciala owiec pochodzacych z cigzy pojedyncze] 1 mnogiej w okresie

od czwartego do dziesigtego miesigca zycia.
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2. Analiza zaleznos$ci pomiedzy stezeniem kisspeptyny-10, neurokininy B 1 dynorfiny A
w osoczu krwi a terminem pierwszej owulacji u owiec pochodzacych z cigzy mnogiej,
predysponowanych do opdznienia dojrzewania plciowego, oraz u owiec pochodzacych

z cigzy pojedynczej.

3. Okreslenie wptywu kisspeptyny-10, neurokininy B 1 dynorfiny A na wydzielanie LH

1 FSH przez komorki przedniego ptata przysadki gruczolowej jarek w warunkach in vitro.

4. Analizy wplywu neurokininy B 1 dynorfiny A na wydzielanie kisspeptyny-10

przez komorki przedniego plata przysadki gruczotowej jarek in vitro.
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MATERIALY I METODY

Uklad doswiadczalny

Protokot doswiadczenia oraz zwigzane z nim wszystkie procedury zostaty
zatwierdzone przez Lokalng Komisje Etyczng ds. Doswiadczen na Zwierzg¢tach w Lublinie

(UCHWALA NR 65/2023).

Etap I: Schemat i metodyka doSwiadczenia w warunkach in vivo
( publikacja nr 3: Szysiak et al., J Vet Res 2026, 70, 139-147, doi: 10.2478/jvetres-
2026-0010)

Realizacja celu nr 1i 2.

W badaniu wykorzystano dwadziescia cztery owce plci zefiskiej rasy Uhruska.
Pierwsza grupa skladata si¢ z jagniat pochodzacych z cigzy pojedynczej (n = 13),
natomiast druga grupa pochodzacych z cigzy blizniaczej, predysponowanych
do opdznionego dojrzewania plciowego (n = 11). Dos$wiadczenie zostato
przeprowadzone w miesigcach od stycznia do listopada. Zwierzeta byly utrzymywane
w identycznych warunkach $rodowiskowych i karmione zgodnie z systemem
zywieniowym francuskiego Institut National de la Recherche Agronomique (zgodnie
ze statusem fizjologicznym).

Owece byly wazone co 2 tygodnie od urodzenia do ukonczenia 10. miesigca zycia.
Réwnoczesnie od 6. do 10. miesigca metodg laparoskopowa (R.Wolf Laparoscope)
monitorowana byta aktywno$¢ jajnikow pod katem obecnosci, liczby 1 $rednicy
pecherzykow jajnikowych i/lub obecnosci ciatek zottych. Celem okreslenia stgzenia NKB,
Dyn A i1 KiSS-10 po ukonczeniu 4., 5., 6., 7., 8., 9. 1 10. miesigca zycia, przez 2 godziny
co 15 minut, pobierana byla krew z zyly szyjnej zewnetrznej owiec obu badanych grup
(Ryc. 2.). Osocze krwi przechowywano w temperaturze — 20 °C do dalszych analiz.
Stezenia ww. neuropeptydow w osoczu zostaly oznaczone metoda ELISA z uzyciem
specyficznych gatunkowo przeciwciat (Sheep NKB ELISA Kit, Sheep Dyn ELISA Kit
(Sunred Biological Technology, Shanghai, China) oraz KiSS-1 (112-121)
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Amide/Kisspeptinl 0/Metastin (45-54) Amide EIA (enzyme immunoassay) Kit (Phoenix
Pharmaceuticals, Burlingame, CA, USA)).

Analize statystyczng przeprowadzono z wykorzystaniem programu Statistica 13.3
PL (TIBCO, Palo Alto, Kalifornia, USA). Uzyskane dane zaprezentowano jako wartosci
srednie wraz z odchyleniem standardowym (x = S.D.). W celu weryfikacji istotnosci réznic
miedzy parametrami mierzonymi u jagnigt pochodzacych z cigz pojedynczych
oraz blizniaczych zastosowano analiz¢ wariancji oraz sparowane testy t-Studenta.
Zalezno$ci pomigdzy badanymi zmiennymi (NKB, KiSS-10 i Dyn A) okreslono
na podstawie wspolczynnikéw korelacji liniowej Pearsona. We wszystkich analizach za

prog istotnosci statystycznej przyjeto poziom P < 0,05.

Etap II: Schemat i metodyka doswiadczen w warunkach in vitro

( publikacja nr 1i 2: Szysiak et al., J Vet Res 2025, 69, 121129, doi: 10.2478/jvetres-
2025-0003 oraz Szysiak et al., J Vet Res 2025, 69, 299-304, doi: 10.2478/jvetres-2025-
0026)

Realizacja celu nr 3 i 4

Przysadki mézgowe zostaly pobrane od 10-miesiecznych owiec plci zenskiej rasy
Uhruska (n =12 (6 owiec z grupy S oraz 6 z grupy T)) w celu zatozenia hodowli
pierwotnych in vitro (Fot. 1, 2, 3). 1zolacje komodrek przeprowadzono wielokrotnie trawiac
przysadki 0,25% roztworem trypsyny (16-18 cykli). Po kazdym cyklu trawienia komorki
przemywano trzykrotnie podtozem DMEM zawierajacym 0,59% HEPES, 0,1% BSA,
0,08% glukozy oraz gentamycyn¢ w st¢zeniu 20 pg/ml, a nastgpnie odwirowywano
(1200 obr./min, 10 min). Zywotno$¢ komoérek okreslano poprzez barwienie blekitem
trypanu (10 pl zawiesiny komorek + 90 pl 0,4% roztworu biekitu trypanu). Komorki
przysadki mézgowe] zawieszano nastepnie w medium McCoy'a SA zawierajacym 2,5%
surowicy cielecej, 10% surowicy konskiej, 0,59% HEPES, mieszaniny aminokwasow
1 witamin oraz gentamycyne (20 pg/ml) (pH 7,4) (250 000 komodrek/ml) oraz umieszczano
w 24-dotkowych ptytkach hodowlanych (1 ml/dotek). Hodowle przeprowadzano

w atmosferze 5% CO2 1 95% powietrza, w temperaturze 37°C.
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W celu okreslenia wptywu na wydzielanie LH i FSH, komorki przedniego ptata
przysadki gruczotowej byty hodowane w podtozu McCoy’a 5A:
1) bez hormonow (kontrola);
2) zKiSS-10 (10711077 M),
3) zNKB (1011-107M),
4)zDyn A (10711-107 M)
Po 4, 12, 24 godzinach zbierano podtoze, a nastgpnie oznaczano st¢zenie hormondéw
gonadotropowych metoda ELISA z uzyciem specyficznych gatunkowo przeciwciat (Sheep
LH ELISA Kit; Sunred Biological Technology, Shanghai, China oraz Sheep FSH ELISA
Kit; Sunred Biological Technology, Shanghai, China). Wydzielanie LH 1 FSH wyrazano
jako stezenie (mIU/mL) hormonu uwalnianego do medium hodowlanego przez 250 000

komorek odpowiednio w ciggu 4, 12 1 24 godzin.

W celu okreslenia wplywu neurokininy B 1 dynorfiny A na wydzielanie
kisspeptyny-10, komorki przysadki gruczotowej byty hodowane w podtozu McCoy’a 5A:
1) bez hormonéw (kontrola);

2) zNKB (101'-107 M),

3) zDyn A (107 1'-1077 M)

Po 2, 4, 6, 12, 18, 24 godzinach zbierano podloze, a nastgpnie oznaczano stezenie
kisspeptyny-10 metoda ELISA z uzyciem specyficznych gatunkowo przeciwciat (KiSS-1
(112-121)  Amide/Kisspeptinl 0/Metastin ~ (45—54) Amide EIA Kit (Phoenix
Pharmaceuticals Inc., CA, USA). Wydzielanie KiSS-10 wyrazano jako st¢zenie (ng/mL)
hormonu uwalnianego do medium hodowlanego przez 250 000 komoérek odpowiednio
w ciggu 2,4, 6, 12, 18 1 24 godzin.

Analize statystyczng przeprowadzono z wykorzystaniem programu Statistica 13.0
PL (TIBCO, Palo Alto, CA, USA). Uzyskane dane zaprezentowano jako wartosci $rednie
wraz z odchyleniem standardowym (x # S.D.). Porownania miedzy hodowlami
kontrolnymi a do$wiadczalnymi oceniono za pomocg analizy wariancji oraz testow
t-Studenta.  Zaleznosci pomiedzy badanymi zmiennymi (st¢zeniem KiSS-10
a wydzielaniem LH lub FSH, st¢zeniem NKB a wydzielaniem LH lub FSH, st¢zeniem Dyn
A a wydzielaniem LH lub FSH, jak réwniez stezeniem NKB Ilub stezeniem Dyn A
a wydzielaniem KiSS-10) okreslono na podstawie wspotczynnikow korelacji liniowe;j
Pearsona. We wszystkich analizach za prég istotnosci statystycznej przyjeto poziom

P <0,05.
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Fot. 1. Hodowla komorek przysadki gruczotowej owiec in vitro 12 godzin po izolacji
(obraz spod mikroskopu odwrdoconego pola, Olympus CK 40; pow. 400x) (zdjgcie autorskie).

Fot. 2. Hodowla komorek przysadki moézgowej owiec in vitro 48 godzin po izolacji
(obraz  spod mikroskopu odwréconego pola, Olympus CK 40; pow. 400x).
Komorki ulegaja adhezji do dna studzienki i zaczynaja si¢ wzajemnie ze sobg kontaktowaé
za pomoca wypustek cytoplazmatycznych (zdjecie autorskie).

Fot. 3. Hodowla komorek przysadki moézgowej owiec in vitro 96 godzin po izolacji
(obraz  spod mikroskopu odwroconego pola, Olympus CK 40; pow. 400x).
Komoérki ulegly adhezji do dna studzienki tworzac monowarstwe (zdjgcie autorskie)
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WYNIKI BADAN

Etap 1: Wyniki doswiadczenia w warunkach in vivo

(publikacja nr 3: Szysiak et al., J Vet Res 2026, 70, 139-147, doi: 10.2478/jvetres-
2026-0010)

1.1 Zmiany w masie ciala owiec pochodzacych z ciazy pojedynczej oraz blizniaczej

Srednia masa ciala owiec pochodzacych z cigzy pojedynczej (S) w okresie
od urodzenia do 10-go miesigca zycia byta wyzsza niz w grupie owiec pochodzacych
z cigzy blizniaczej (T). Najwigksza procentowa roéznice w Sredniej masie ciata miedzy
grupami zaobserwowano bezposrednio po urodzeniu. Dodatkowo, od narodzin
do ukonczenia dziewigtego miesigca zycia stwierdzano spadek procentowej roznicy

sredniej masy ciata miedzy owcami z grupy S i T (Tab. 1.).

Wiek (miesiac zycia)

0 4 5 6 7 8 9 10
. S 5.60 3216  34.69 3526 3757 3796 3927  40.96
Srednia + 06 + 46 + 41 + 42 + 42 + 39 + 38 + 39
masa ciala
k
i 51)) T 4.70 2951  31.86 33.11 3597 36.68 3823  39.15
+ 05 + 5] + 32 +£ 29 + 29 + 31 + 27 + 26

Procentowa roznica $redniej
masy ciata (%) 16.07 8.24 8.16 6.10 4.26 3.37 2.65 4.42

migdzy SaT

Tab. 1. Srednia masa ciala (kg) (£SD) oraz procentowa roznica $redniej masy ciala (%)
migdzy owcami z grupy S (owce pochodzace z ciazy pojedynczej) oraz T (owce pochodzace
z cigzy blizniaczej) w poszczegdlnych miesigcach zycia
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1.2. Zmiany stezenia KiSS-10 w osoczu krwi owiec w okresie dojrzewania plciowego

Stezenie KiSS-10 w osoczu krwi zmieniato si¢ wraz z wiekiem jarek (Ryc. 3.).
U owiec pochodzacych z cigzy pojedynczej (S) poziom KiSS-10 wzrastat do 8. miesigca,
przy czym znaczny (P < 0,05) wzrost odnotowano migdzy 7. a 8. miesigcem. Wartos¢ ta,
niz w okresie od 4. do 7. miesigca. U owiec pochodzacych z cigzy blizniaczej (T)
obserwowano ciagly wzrost poziomu KiSS-10 przez caly okres trwania do$wiadczenia.
Najwyzsze Srednie stezenie KiSS-10 w osoczu stwierdzono po zakonczeniu 10. miesigca
zycia. Warto$¢ stezenia KiSS-10 po ukonczeniu 10. miesigca zycia u bliznigt (95.80
+7,4 ng/l) byla zblizona do warto$ci stezenia KiSS-10 u owiec pochodzacych z cigzy
pojedynczej w 8. miesigcu (95.28 £5,21 ng/l), co w przypadku obu grup byto skorelowane
z rozpoczeciem aktywnosci jajnikéw. Wykazano dodatnig korelacje migdzy stezeniem
KiSS-10 a wiekiem (r = 0,84 i r = 0,99 dla odpowiednio S i T) owiec. Stwierdzono istotng
statystycznie (P < 0,05) réznicg w stezeniu KiSS-10 w osoczu miedzy grupami po 8. 1 10.
miesigcu zycia, zwigzang z ujemng korelacja miedzy st¢zeniem KiSS-10 a wiekiem jarek
pochodzacych z cigzy pojedynczej w tym okresie (Ryc. 3.).
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Ryec. 3. Stezenie kisspeptyny-10 (ng/L) w poszczegélnych miesigcach zycia owiec (S — owce
pochodzace z cigzy pojedynczej (n = 13), T — bliznigta (n = 11)). Wartosci przedstawione
na wykresie to $rednie (£SD) stezenia KiSS-10 w osoczu krwi pobieranym od 4. do 10. miesigca
zycia, co miesigc, co 15 minut przez 2 godziny.

* statystycznie istotna roznica mi¢dzy S a T w poszczegdlnych miesigcach zycia (P < 0,05)

a, b, ¢, d, e — $rednie wartosci stezenia KiSS-10 w poszczegdlnych miesiacach zycia oznaczone

r6znymi literami roznig si¢ istotnie statystycznie (P < 0,05)
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1.3. Zmiany stezenia NKB w osoczu krwi owiec w okresie dojrzewania plciowego

Podobnie jak w przypadku KiSS-10, stezenie NKB w osoczu zmienialo si¢
wraz z wiekiem owiec (Ryc. 4.). U jarek pochodzacych z cigzy pojedynczej (S) stezenie
NKB wzrastato od 4. do 8. miesigca zycia, osiagajac najwyzszy (P < 0,05) poziom w 8.
miesigcu. Natomiast u bliznigt (T) zaobserwowano wzrost stezenia NKB w osoczu od 4.
do 9. miesigca zycia, przy czym NKB osiggneta maksymalne stezenie w 9. miesigcu. Do 8.
miesigca zycia stgzenie NKB u S bylo wyzsze w porownaniu z T. Jedynie w 9. i 10.
miesigcu wykazano odwrotng zaleznos¢. Najwyzsze stezenie NKB w osoczu krwi
zaobserwowano w 9. miesigcu (364,70 +47,52 ng/l) u T i w 8. miesigcu zycia u S (384,19
+38,36 ng/l). Bylo to skorelowane z rozpoczeciem aktywnosci jajnikow w tych grupach.
Stwierdzono dodatnig korelacj¢ migdzy stezeniem NKB w osoczu a wiekiem owiec
(r=0,60 1ir= 0,87 odpowiednio dla grup S i T). Po ukonczeniu 8. miesigca zycia
stwierdzono istotng statystycznie rdznicg (P < 0,05) w stezeniu NKB w osoczu mig¢dzy

grupami (Ryc. 4.).
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Ryc. 4. Stezenie neurokininy B (ng/L) w pojedynczych miesiacach zycia owiec (S — owce
pochodzace z cigzy pojedynczej (n = 13), T — bliznigta (n = 11)). Warto$ci przedstawione
na wykresie to $rednie (£SD) stgzenia NKB w osocze krwi pobieranej co miesigc co 15 minut
przez 2 godziny.

*statystycznie istotna roznica (P <0,05)

a, b, ¢ — srednie wartosci stezenia NKB w poszczegdlnych miesigcach zycia oznaczone roznymi
literami r6znig si¢ istotnie statystycznie (P < 0,05)
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1.4. Zmiany st¢zenia Dyn A w osoczu krwi owiec w okresie dojrzewania plciowego

W przypadku Dyn A, w przeciwienstwie do KiSS-10 oraz NKB, wykazano ujemng
korelacj¢ miedzy stezeniem tego neuropeptydu w osoczu krwi a wiekiem jarek (r = -0,26
ir=-0,97 odpowiednio dla S i T) (Ryc. 5.) U obu badanych grup owiec (S 1 T) najwyzsze
poziomy Dyn A obserwowano w 4. i 5. miesigcu zycia. U zwierzat z grupy S wykazano
istotny spadek (P < 0,05) stezenia Dyn A pomiedzy 5. a 6. miesigcem, a najnizsze poziomy
obserwowano w 7. 1 8. miesigcu zycia. Z kolei u owiec z grupy T $rednie stezenie Dyn A
ulegalo obnizeniu, osiggajac najnizszg wartoS§¢ w 9. miesigcu. W przeciwienstwie
do KiSS-10 i NKB, wartos$ci stezen Dyn A byly nizsze w grupie S w poréwnaniu do grupy
T pomigdzy 4. a 8. miesigcem zycia. Jedynie w 9. 1 10. miesigcu st¢zenia Dyn A w grupie
S byty wyzsze niz w grupie T. Nie wykazano istotnych réznic migdzy st¢zeniami Dyn A
u S 1 T w poszczegdlnych miesigcach zycia. Nie stwierdzono rowniez istotnej korelacji
miedzy zmianami stezenia Dyn A w osoczu zarowno w grupie S jak i T wraz z wiekiem
(r=10,30) (Ryc. 5.).
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Ryc. 5. Stezenie dynorfiny A (ng/L) w pojedynczych miesiacach zycia owiec (S — owce
pochodzace z ciazy pojedynczej (n = 13), T — bliznigta (n = 11)). Wartosci przedstawione
na wykresie to srednie (+SD) stezenia Dyn w osocze krwi pobieranym co miesiagc co 15 minut
przez 2 godziny.

a, b — $rednie wartosci stezenia Dyn A w poszczegolnych miesigcach zycia oznaczone réoznymi
literami r6znig si¢ istotnie statystycznie (P < 0,05)
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1.5. Zaleznosci miedzy zmianami stezen KiSS-10, NKB i Dyn A w osoczu krwi owiec

w okresie dojrzewania plciowego

Stwierdzono dodatnig korelacj¢ migdzy zmianami stezenia KiSS-10 i NKB
(r = 0.86 oraz r = 0.89, odpowiednio dla S i T), jednocze$nie wykazujac ujemna korelacje
migdzy stezeniami KiSS-10 i Dyn A (r = -0.55 oraz r = -0.98, odpowiednio dla S i T)
oraz migdzy NKB i Dyn A (r = -0.89 oraz r = -0.94, odpowiednio dla S i T) w osoczu krwi
a wiekiem (4.—10. miesigca zycia) owiec obu badanych grup (Tab. 2., Ryc. 6., 7.).

KiSS-10 NKB Dyn A
KiSS-10 - 0.86 -0.55
S NKB 0.86 - -0.89
DynA -0.55 -0.89 -
KiSS-10 - 0.89 -0.98
T NKB 0.89 - -0.94
DynA -0.98 -0.94 -

Tab. 2. Wspotczynnik korelacji Pearsona (r) (P < 0,05) miedzy stezeniami KiSS-10
(kisspeptyna-10), NKB (neurokinina B) i/lub Dyn A (dynorfina A) w osoczu krwi owiec
pochodzacych z ciazy pojedynczej (S) i mnogiej (T) (4.-10. miesigca zycia).
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Ryc. 6. Zmiany w stezeniach kisspeptyny-10 (KiSS-10), neurokininy B (NKB) i dynorfiny A
(Dyn A) w osoczu krwi owiec pochodzacych z cigzy pojedynczej od 4. do 10. miesigca zycia.
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Rye. 7. Zmiany w st¢zeniach kisspeptyny-10 (KiSS-10), neurokininy B (NKB) i dynorfiny A

(Dyn A) w osoczu krwi owiec pochodzacych z cigzy mnogiej od 4. do 10. miesiaca zycia.
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Etap 2: Wyniki doswiadczen w warunkach in vitro

(publikacja nr 1 i 2: Szysiak et al., J Vet Res 2025, 69, 121-129, doi: 10.2478/jvetres-2025-
0003 oraz Szysiak et al., J Vet Res 2025, 69, 299-304, doi: 10.2478/jvetres-2025-0026)
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2.1. Wplyw KiSS-10 na wydzielanie LH przez komorki przysadki gruczotowej jarek
in vitro

Oddziatywanie KiSS-10 na wydzielanie LH uzaleznione bylo od czasu trwania
doéwiadczenia oraz stezenia tego neuropeptydu w podlozu hodowlanym (1071077 M)
(Ryc. 8.). KiSS-10 w stezeniu 107''-10® M powodowala wzrost wydzielania LH
w poréwnaniu z kontrolg przez caty czas trwania do§wiadczenia. Najwicksze wydzielanie
LH wykazano po 24 godz. ekspozycji komoérek na 1078 M KiSS-10. Warto$¢ ta byta
istotnie wyzsza (P < 0,05) w poréwnaniu z kontrolg. Jednak w najwyzszym zastosowanym
stezeniu (1077 M) KiSS-10 powodowata spadek sekrecji LH w pordwnaniu z kontrola
1 pozostalymi hodowlami. Istotnie wyzsze (P < 0,05) wydzielanie LH zaobserwowano
po 12 i 24 godzinach w stezeniach 10"'-10® M KiSS-10 w poréwnaniu z 10~” M. Wyniki
wykazaly wysoka lub bardzo wysoka ujemng korelacje miedzy stezeniem KiSS-10 (107!'!—
1077 M) a wydzielaniem LH z komoérek przysadki gruczotowej (r = —0,76, r = —0,96
ir=-0,91 odpowiednio po 4, 12 i 24 godzinach). Dodatnig korelacj¢ mi¢dzy st¢Zzeniami
KiSS-10 a wydzielaniem LH stwierdzono tylko w zakresie stezen 107''-107® M (r = 0,90,
r=20,99 1ir= 0,96 odpowiednio po 4, 12 1 24 godzinach) (Ryc. 8.).

LH (mIU/mL/250 000 komérek)
-]

4 12 24
Czas (godz.)

Ryc. 8. Wplyw kisspeptyny-10 (107''-1077 M) na wydzielanie hormonu luteinizujacego (LH)
z komorek przysadki owiec in vitro

a, b, ¢ — $rednie wartos$ci uzyskane w okreslonym czasie inkubacji oznaczone réznymi literami
ro6znig si¢ istotnie statystycznie (P < 0,05)
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2.2. Wplyw KiSS-10 na wydzielanie FSH przez komorki przysadki gruczolowej jarek
in vitro

Kisspeptyna-10 we wszystkich zastosowanych stezeniach (1071077 M)
spowodowata wzrost wydzielania FSH w porownaniu z kontrolg w trakcie catego okresu
doswiadczenia (Ryc. 9.). Statystycznie istotny (P < 0,05) wzrost wydzielania FSH
zaobserwowano po 12 i 24 godzinach przy stezeniu 10~ M w poréwnaniu z kontrola.
Jednak ekspozycja komérek na 1077 M KiSS-10 spowodowata nieznaczny spadek
wydzielania FSH w poréwnaniu do nizszych zastosowanych stezen. Wyniki wykazaty
ujemna korelacje miedzy stezeniem KiSS-10 (1071'-1077 M) a wydzielaniem FSH
z komorek przysadki gruczotowej (r = —0,81, r = —0,43 i r = —0,59 odpowiednio po 4, 12
124 godzinach) (Ryc. 9.).
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Ryc. 9. Wplyw kisspeptyny-10 (107''-10"7 M) na wydzielanie hormonu folikulotropowego (FSH)
z komorek przysadki owiec in vitro
a, b — $rednie wartosci uzyskane w okreslonym czasie inkubacji oznaczone réznymi literami r6znig

si¢ istotnie statystycznie (P < 0,05)
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2.3. Wplyw NKB na wydzielanie LH przez komorki przysadki gruczolowej jarek

in vitro

Oddzialywanie NKB na wydzielanie LH, podobnie jak wplyw KiSS-10,
bylo uzaleznione od jej stezenia w podlozu hodowlanym i czasu trwania do$wiadczenia
(Ryc. 10.). NKB we wszystkich zastosowanych dawkach miata stymulujacy wplyw
na wydzielanie LH w poréwnaniu do kontroli. Wykazano wzrost wydzielania LH
pod wptywem NKB w stezeniach 1071°-1077 M po 4, 12, 24 godz. Najsilniejsze dziatanie
pobudzajace (P < 0,05) zaobserwowano po 12- i 24-godzinnej ekspozycji na 107 M NKB.
Statystycznie istotnie wyzsze (P < 0,05) wydzielanie LH pod wplywem NKB stwierdzono
przy stezeniu 10°°-107 M (po 12 godz.) i 10® M (po 24 godz.) w pordwnaniu
ze stezeniem 107'! M. Wykazano umiarkowang dodatnig oraz slaba dodatnig korelacje
miedzy stezeniem NKB (107''-1077 M) a wydzielaniem LH z komorek przysadki
gruczotowej (r = 0,48, r=0,45 i r = 0,37 odpowiednio po 4, 12 i 24 godzinach) (Ryc. 10).

LH (mIU/mL/250 000 komorek)

Czas (godz.)

Rye. 10. Wplyw neurokininy B (10''-107 M) na wydzielanie hormonu luteinizujagcego (LH)
z komorek przysadki owiec in vitro
a, b — $rednie wartosci uzyskane w okreslonym czasie inkubacji oznaczone réznymi literami r6znig

si¢ istotnie statystycznie (P < 0,05)
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2.4. Wplyw NKB na wydzielanie FSH przez komorki przysadki gruczolowej jarek

in vitro

Ekspozycja komérek na NKB we wszystkich zastosowanych stezeniach (107''-1077
M) spowodowala wzrost wydzielania FSH w trakcie calego okresu doswiadczenia
w porownaniu z kontrolg (Ryc. 11.). Najbardziej znaczacy efekt stymulujacy wydzielanie
FSH stwierdzono po 4, 12 i 24 godzinach przy stezeniu NKB wynoszacym 1077 M.
Wydzielanie hormonu folikulotropowego osiggneto maksimum po 12 1 24 godzinach
ekspozycji komorek na najwyzsze stezenie NKB (1077 M). Warto$¢ ta byla istotnie wyzsza
(P £0,05) w porownaniu z kontrolg i pozostatymi hodowlami. Stwierdzono bardzo wysoka
oraz wysoka dodatnig korelacje miedzy stezeniem NKB (107''-1077 M) a wydzielaniem
FSH z komoérek przysadki gruczotowej (r = 0,89, r = 0,90 i r = 0,73 odpowiednio po 4, 12
124 godzinach) (Ryc. 11.).

FSH (mIU/mL/250 000 komorek)

4 12 24
Czas (godz.)

Ryc. 11. Wptyw neurokininy B (10™''-10"7 M) na wydzielanie hormonu folikulotropowego (FSH)
z komorek przysadki owiec in vitro
a, b — $rednie wartosci uzyskane w okreslonym czasie inkubacji oznaczone réznymi literami r6znig

si¢ istotnie statystycznie (P < 0,05)
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2.5. Wplyw Dyn A na wydzielanie LH przez komorki przysadki gruczolowej jarek in

vitro

Oddzialywanie Dyn A na wydzielanie LH bylo uzaleznione od czasu ekspozycji
1 stgezenia tego neuropeptydu w podtozu hodowlanym (Ryc. 12.). Ekspozycja komorek
na Dyn A w stezeniach 10711077 M spowodowata istotny (P < 0,05) wzrost wydzielania
LH w poréwnaniu z kontrolg. Sekrecja LH osiggneta maksymalny poziom po 24
godzinach w odpowiedzi na 10 M Dyn A. Nie wykazano jednak istotnych réznic miedzy
poziomami wydzielania LH pod wplywem réznych stezen Dyn A (107''-1077 M)
w poszczegdlnych punktach czasowych. Nie stwierdzono takze istotnych zalezno$ci
pomiedzy stezeniem Dyn A (107''-1077 M) a wydzielaniem LH (r = —0,24, r = 0,17
ir=0,26 odpowiednio po 4, 12 i 24 godz.) (Ryc. 12.).

LH {(mIU/mL/250 000 komorek)

4 12 24
Czas (godz.)

Ryc. 12. Wplyw dynorfiny A (107"'-1077 M) na wydzielanie hormonu luteinizujgcego (LH)
z komorek przysadki owiec in vitro
a, b — $rednie wartosci uzyskane w okreslonym czasie inkubacji oznaczone r6znymi literami r6znig

si¢ istotnie statystycznie (P < 0,05)
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2.6. Wplyw Dyn A na wydzielanie FSH przez komorki przysadki gruczolowej jarek in

vitro

Ekspozycja komoérek na Dyn A we wszystkich zastosowanych stgzeniach (1071077
M) spowodowala wzrost wydzielania FSH w trakcie calego okresu doswiadczenia
w porownaniu z kontrola (Ryc. 13.). Znaczacy efekt (P < 0,05) zaobserwowano
przy stezeniach 107''-10™ M po 4, 12, 24 godz. Najsilniejsze dzialanie stymulujgce
(P < 0,05) wykazano po 24 godzinach przy stezeniu 10°'' M Dyn A. Wykazano
umiarkowang ujemng korelacje miedzy stezeniem Dyn A (107''-1077 M) a wydzielaniem
FSH z komorek przysadki mozgowej (r = —0,50, r = —0,57 1 r = —0,57 odpowiednio po 4,
12 1 24 godzinach) (Ryc. 13.).
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Ryc. 13. Wptyw dynorfiny A (107''-107" M) na wydzielanie hormonu folikulotropowego (FSH)
z komorek przysadki owiec in vitro
a, b, ¢ — $rednie warto$ci uzyskane w okre§lonym czasie inkubacji oznaczone réznymi literami

ro6znig si¢ istotnie statystycznie (P < 0,05)
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2.7. Wplyw NKB na wydzielanie KiSS-10 przez komorki przysadki gruczolowej jarek

in vitro

Oddzialywanie NKB na wydzielanie KiSS-10 przez komorki przysadki
gruczotowej zalezat od czasu ekspozycji i jej stezenia w podtozu hodowlanym (107!' — 107
M) (Ryc. 15.). NKB w stezeniach 10'°-107 M spowodowata zwiekszone wydzielanie
KiSS-10 w trakcie catego czasu trwania do$wiadczenia w poréwnaniu z kontrola.
Znaczacy wplyw NKB (P < 0,05) na KiSS-10 wykazano po 6—24 godz. w stezeniu 108 M
oraz po 24 godz. w stezeniu 107 M. Wydzielanie KiSS-10 osiggneto maksimum
po 24-godzinnej ekspozycji komdrek na NKB w stezeniu 10 M. Wartosé ta byla istotnie
statystycznie wyzsza (P < 0,05) w poréwnaniu z kontrolg 1 z innymi hodowlami z NKB.
Wykazano umiarkowang dodatnig korelacje migdzy stezeniem NKB w zakresie 107! — 107
MiNKB 10" - 10®%M a wydzielaniem KiSS-10 po 2 godzinach (odpowiednio r = 0,40,
r=0,55). Po 4, 6, 12, 18 i 24 godz. stwierdzono bardzo wysoka lub doskonatg dodatnig
korelacje pomiedzy 107'! — 10® M NKB a sekrecjg KiSS-10 (odpowiednio r = 0,89,
r=0,93,r=0,99,r=1,0,r=1,0) (Ryc. 14.).
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Ryc. 14. Wptyw neurokininy B (10"' — 107 M) na wydzielanie kisspeptyny-10 z komérek
przysadki gruczotowej owiec in vitro; * — statystycznie istotna réznica (P < 0,05) w poréwnaniu

do grupy kontrolnej w tym samym punkcie czasowym
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2.8. Wplyw Dyn A na wydzielanie KiSS-10 przez komorki przysadki gruczolowej

jarek in vitro

Dyn A nie wykazywala znaczacego wplywu na wydzielanie KiSS-10
we wszystkich zastosowanych stezeniach (10'' — 107 M) przez caly czas trwania
doéwiadczenia (Ryc. 16.). Natomiast neuropeptyd ten w stezeniu 1071 M spowodowat
niewielki wzrost KiSS-10 po 12, 18, 24 godz., a w stezeniu 10” — 10® M po 24 godz.
w poroéwnaniu z kontrolg i pozostatymi hodowlami. Stwierdzono umiarkowang dodatnig
korelacje miedzy stezeniem Dyn A (10'! — 107 M) a wydzielaniem KiSS-10 po 6 godz.
(r = 0,42), stabg ujemng oraz umiarkowang ujemna korelacj¢ po 12 1 18 godz.
(odpowiednio r = -0,37, r = -0,43), a takze wysoka ujemna korelacje po 24 godz.
(r=-0,72) (Ryc. 15.).
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Ryc. 15. Wplyw dynorfiny A (10" — 107 M) na wydzielanie kisspeptyny-10 z komérek

przysadki gruczotowej owiec in vitro
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DYSKUSJA

Dojrzewanie  plciowe jest zlozonym,  wieloczynnikowym  procesem
neuroendokrynnym prowadzacym do uzyskania zdolnosci rozrodczej. U owiec termin
osiggnigcia  dojrzalosci  plciowej jest modulowany przez wiele czynnikow
m. in. genetycznych, zywieniowych, metabolicznych i $rodowiskowych, a opo6znione
dojrzewanie stwierdzane jest glownie u jagnigt pochodzacych z cigzy mnogiej
lub od matek o wysokiej, wynikajacej z ottuszczenia, masie ciata (Abadjieva i1 in. 2011,
Castellano 1 in. 2005, Kosior -Korzecka i in. 2012, Rosales Nieto C.A. i in. 2013, Rosales
Nieto C.A. i in. 2014, Seminara i in. 2003, Tolson i in. 2012). Chociaz doktadne
mechanizmy lezace u podstaw zapoczatkowania dojrzewania nadal nie sg w pelni poznane,
coraz wigcej danych wskazuje, ze kisspeptyna (KiSS), neurokinina B (NKB) 1 dynorfina A
(Dyn A) odgrywaja kluczowa rolg regulacyjng w tym procesie (Backholer i in. 2010,
Bedenbaugh i in. 2020, Li 1 in. 2020, Navarro 2013, Pinilla i in. 2012, Weems i in. 2018).

Sposrod trzech neuropeptydow KNDy rola KiSS w kontroli funkcji rozrodczych
jest najlepiej udokumentowana. Liczne badania wykazaty, ze KiSS stymuluje wydzielanie
gonadotropin gtoéwnie poprzez mechanizmy zalezne od GnRH. Centralne podanie KiSS-1
zwigksza stgezenie LH w osoczu u samic szczura przed osiggnigciem dojrzatosci plciowej
(Navarro i in. 2004), natomiast KiSS podana dokomorowo u owiec stymuluje wydzielanie
LH w okresie anestrus (Nestor i in. 2012). Dozylna injekcja KiSS-10 nasila wydzielanie
LH u jagniat przed osiggnieciem dojrzalosci plciowej (Wang i in. 2012). Badania in vitro
wskazuja, ze KiSS-10 stymuluje wydzielanie GnRH 1 moze w konsekwencji zwigkszac
wydzielanie FSH przez komorki przedniego ptata przysadki (Kosior-Korzecka i in. 2014).
Wykazanie ekspresji GPR54 w przednim placie przysadki dodatkowo wspiera hipoteze,
ze KiSS moze dziata¢ bezposrednio na poziomie przysadki, niezaleznie od wptywu
podwzgorza (Luque i in. 2011, Richard i in. 2009). Co wigcej, wyniki badan
przeprowadzonych w warunkach in vitro, uzyskane podczas realizacji pracy doktorskiej,
sg zgodne z tg koncepcja. W komoérkach przysadki gruczotowej izolowanych od jarek
w okresie dojrzewania pilciowego KiSS-10 zwigkszala wydzielanie zaréwno LH,
jak 1 FSH, przy czym najsilniejsza odpowiedz LH obserwowano po 24 godzinach
przy stezeniu 108 M, a najwyzsze wydzielanie FSH po 12-24 godzinach przy stezeniu
10° M (publikacja nr 1). Obserwacje te sa zgodne z wcze$niejszymi doniesieniami,
wskazujagcymi na bezposredni stymulujacy wpltyw KiSS-10 na aktywno$¢ komorek

gonadotropowych przysadki $win oraz bydla (Suzuki i in. 2008). Lacznie dane te
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wskazuja, ze KiSS moze uczestniczy¢ w aktywacji dojrzewania piciowego nie tylko
na poziomie podwzgoérza, poprzez pobudzanie neuronéw GnRH, lecz rowniez
bezposrednio na poziomie przysadki. Ponadto, taka interpretacje potwierdzaja
takze wyniki naszego do§wiadczenia przeprowadzonego w warunkach in vivo (publikacja
nr 3). Stezenie KiSS-10 w osoczu zwigkszalo si¢ wraz z wiekiem zarowno w grupie owiec
pochodzacych z cigzy pojedynczej, jak 1 mnogiej. Jednak u jarek pochodzacych z cigzy
pojedynczej najwyzsze stezenia KiSS-10 obserwowano wczesniej niz u owiec
pochodzacych z cigzy mnogiej. Wyniki zrealizowanego doswiadczenia pokazuja,
ze wzrost stezenia KiSS-10 w osoczu krwi jest zwigzany z poczatkiem cyklicznej
aktywnosci jajnikow. Opdzniony wzrost stezenia KiSS-10 u owiec pochodzacych z cigzy
mnogiej moze zatem odzwierciedla¢ opozniony proces aktywacji osi rozrodczej. Podobne
obserwacje u ludzi, w tym podwyzszone stezenie KiSS w osoczu podczas
zapoczatkowania tego procesu, potwierdzaja koncepcje, ze KiSS jest kluczowym
markerem 1 mediatorem dojrzewania ptciowego (De Roux i in. 2003, Messager 1 in. 2005,
Yangiin. 2015).

NKB to kolejny kluczowy element uktadu KNDy, powszechnie uznawanego
za nadrzgdny regulator generowania pulséw GnRH. Na poziomie podwzgorza NKB dziala
przez receptory NK3, stymulujac aktywnos$¢ neuronow KNDy 1 ulatwiajac zalezng
od kisspeptyny aktywacj¢ wydzielania GnRH (Aerts i1 in. 2021, Bedenbaugh i in. 2020,
Billings 1 in. 2010). Badania przeprowadzone na owcach, szczurach i naczelnych
wykazaty, ze senktyd, agonista NK3R, stymuluje wydzielanie LH (Billings i in. 2010,
Nestor 1 in. 2012, Navarro 1 in. 2010, Terasawa 1 in. 2018), natomiast mutacje w genach
TAC3 lub TACR3 u ludzi prowadzg do hipogonadyzmu hipogonadotropowego oraz braku
rozpoczecia dojrzewania piciowego (Topaloglu i1 in. 2009). Wyniki te podkreslaja
podstawowe znaczenie NKB w inicjacji funkcji rozrodczych. Badania zrealizowane
w ramach pracy doktorskiej potwierdzaja koncepcje, ze NKB wywiera rowniez
bezposrednie dziatanie na przysadke. Ekspozycja komorek przedniego ptata przysadki
gruczolowej owiec na NKB w warunkach in vitro zwigkszala wydzielanie LH i FSH
przez caly czas trwania doswiadczenia, przy czym najsilniejsza odpowiedz LH
obserwowano po 24 godzinach przy stezeniu 10°® M, a najwyzsze wydzielanie FSH po
24 godzinach przy stezeniu 1077 M (publikacja nr 1). Co istotne, NKB stymulowata
réwniez wydzielanie KiSS-10 przez komorki przysadki gruczolowej owiec, szczegdlnie
przy stezeniach 10711077 M, a najwickszy efekt obserwowano po 24 godzinach

przy stezeniu 107 M (publikacja nr 2). Wyniki te pokazuja, ze NKB moze nasilaé
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wydzielanie gonadotropin nie tylko bezposrednio, ale takze posrednio, poprzez stymulacje
wydzielania KiSS-10 w przysadce. Wczesniejsze badania ograniczaty si¢ gtéwnie do ryb
1 syntetycznych linii komoérek przysadki, nasze wyniki dostarczajag nowych argumentow
przemawiajacych za rola NKB na poziomie przysadki u wyzszych kregowcow (Mijiddor;j
11n. 2012, Mizrahi 1 in. 2019, Mun 1 in. 2022). Profil NKB obserwowany in vivo w naszym
badaniu jest zgodny z ta interpretacjg. Stezenie NKB w osoczu wzrastato stopniowo
wraz z wiekiem, osiggajgc warto$ci maksymalne wczesniej u owiec pochodzacych z cigzy
pojedynczej, a pozniej u bliznigt, co odzwierciedlalo zmiany zalezne od wieku
obserwowane dla KiSS-10 (publikacja nr 3). Ponadto dodatnia korelacja pomiedzy
stezeniami NKB 1 KiSS-10 w osoczu potwierdza koncepcje Scislej zaleznosci tych

neuropeptydow w okresie dojrzewania ptciowego.

W przeciwienstwie do KiSS-10 i NKB, Dyn A jest zwykle uznawana za hamujacy
czynnik uktadu KNDy. Poprzez aktywacj¢ receptorow k-opioidowych Dyn A hamuje
czestotliwos¢ pulsow GnRH, a tym samym ogranicza wydzielanie gonadotropin (Merkley
1 in. 2012, Navarro i in. 2009, Pinilla 1 in. 2012). Badania przeprowadzone na owcach
1 szczurach wskazuja, ze ostabienie sygnalizacji Dyn A na poziomie podwzgorza, zwigksza
sekrecje LH, szczegolnie przed okresem osiggnigcia dojrzatosci plciowej, co sugeruje,
ze hamowanie zalezne od Dyn A jest istotnym mechanizmem utrzymujagcym wyciszenie
osi HPG (Lopez i1 in 2016, Nakahara i in. 2013, Weems i in. 2018). Wyniki in vivo
uzyskane podczas realizacji pracy doktorskiej potwierdzaja te hipoteze. Stgzenia Dyn A
w osoczu byly najwyzsze we wczesniejszych miesigcach zycia i obnizaty si¢ w okolicach
osiggania dojrzatosci plciowej. Najnizsze wartosci stezenia Dyn A stwierdzono w okresie
inicjacji aktywnosci jajnikow, gdy stezenia KiSS-10 i NKB byly najwyzsze. Ponadto
wykazano ujemne korelacje migdzy st¢zeniami Dyn A i KiSS-10 oraz migdzy Dyn A
i NKB (publikacja nr 3). Uzyskane wyniki sugeruja, ze zmniejszanie si¢ hamujacego
wptywu Dyn A moze by¢ istotnym elementem w zapoczatkowaniu aktywnosci rozrodczej,
podczas gdy utrzymywanie si¢ st¢zenia tego neuropeptydu na wyzszym poziomie moze
sprzyja¢ opdznionemu dojrzewaniu ptciowemu. Badania, przeprowadzone w warunkach
in vitro, wykazaly, iz Dyn A zwigkszala wydzielanie LH i FSH przez komorki przysadki
gruczotowej owiec, mimo ze nie wywierala istotnego wptywu na wydzielanie KiSS-10
(publikacja nr 1 1 2). Powyzsze doniesienia moga wydawaé si¢ niezgodne z danymi
wskazujagcymi na hamujaca rolg¢ Dyn A, klasycznie przypisywang jej na poziomie
podwzgodrza. Jednak ta pozorna rozbiezno$¢ najprawdopodobniej odzwierciedla zalezne

od miejsca dziatania roéznice w efektach biologicznych tego neuropeptydu. Podczas
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gdy Dyn A hamuje centralne generowanie pulsow GnRH, moze wywiera¢ bezposredni
efekt stymulujgcy na komoérki gonadotropowe przysadki mozgowej. Brak wplywu na
przysadkowe wydzielanie KiSS-10 sugeruje, ze dzialanie to jest niezalezne od lokalnego
posrednictwa kisspeptyny. Oznacza to, ze biologiczna rola Dyn A w obrebie osi rozrodcze;j

w znacznym stopniu moze zaleze¢ od poziomu anatomicznego, na ktérym dziala.

Uzyskane wyniki badan wskazuja, ze KiSS-10, NKB 1 Dyn A uczestniczg
w regulacji dojrzewania plciowego u owiec poprzez mechanizmy komplementarne,
ale odrgbne. KiSS-10 i NKB wydaja si¢ pelni¢ przede wszystkim funkcje czynnikow
stymulujacych zwiazanych z aktywacja czynnosci jajnikow, dziatajac nie tylko poprzez
szlaki podwzgoérzowe, ale potencjalnie roéwniez poprzez bezposrednie mechanizmy
przysadkowe. Dyn A in vivo wydaje si¢ wywiera¢ gléwnie hamujacy wpltyw przed
rozpoczeciem  aktywnos$ci  rozrodczej,  zachowujac  jednocze$nie  zdolnos¢
do bezposredniego pobudzania wydzielania gonadotropin na poziomie przysadki.
Rownowaga pomiedzy sygnatami stymulujagcymi 1 hamujagcymi moze zatem stanowi¢
jeden z kluczowych czynnikéw determinujagcych moment osiggni¢cia dojrzatosci ptciowe;.
Obserwacje te sg szczegdlnie istotne z punktu widzenia patomechanizmu op6znionego
dojrzewania plciowego. U jarek, predysponowanych do opdznionego dojrzewania
ptciowego, wzrost stezen KiSS-10 1 NKB w osoczu w dalszym terminie,
wraz z pozniejszym spadkiem stezenia Dyn A, sugeruje zmieniony czas sygnalizacji
zwigzanej z ukladem KiSS-10, NKB, Dyn A w obrgbie osi HPO. Analogiczne
nieprawidlowosci szlakow KiSS-10 i NKB s3 opisywane w zaburzeniach pokwitania
u kobiet, w zwigzku z tym model owczy moze dostarcza¢ uzytecznych informacji
dotyczacych neuroendokrynnych podstaw opdznionego dojrzewania plciowego
oraz nastgpczych zaburzen funkcji rozrodczych (Topaloglu i in. 2009, Yang i in. 2015,
Young i in. 2010). Nalezy jednak uwzgledni¢ kilka ograniczen. Chociaz zwigzek czasowy
miedzy zmianami stezen krazacych neuropeptydéw a aktywacja jajnikow jest
przekonujacy, st¢zenia w osoczu nie odzwierciedlajg bezposrednio lokalnego wydzielania
GnRH w podwzgoérzu ani gonadotropin w przysadce. Ponadto mechanizmy laczace
ogolnoustrojowe profile KiSS-10, NKB, Dyn A z generowaniem pulséw GnRH pozostaja
niewyjasnione. Przyszie badania powinny zatem taczy¢ wpltyw neuropeptydow KNDy
z bezposrednig oceng pulsacyjnego wydzielania GnRH/LH, ekspresja ich receptoréw oraz
lokalnej syntezy KiSS-10, NKB oraz Dyn A w podwzgdrzu. Dalsze analizy sa takze

konieczne, aby ustali¢, czy NKB wywiera stymulujacy wplyw na wydzielanie

43



gonadotropin za posrednictwem przysadkowej KiSS-10, oraz by wyjasni¢ mechanizm,

poprzez ktoéry Dyn A nasila wydzielanie LH 1 FSH na poziomie przysadki.

Podsumowujac, uzyskane wyniki badan potwierdzajg koncepcje, ze KiSS-10, NKB
1 Dyn A stanowig integralne elementy sieci neuroendokrynnej kontrolujacej dojrzewanie
plciowe u owiec. Zapoczatkowanie tego procesu byto zwigzane ze wzrostem stezen
KiSS-10 1 NKB w osoczu oraz spadkiem stezenia Dyn A in vivo, natomiast wyniki badan
in vitro wskazuja, ze KiSS-10 1 NKB bezposrednio stymulujg wydzielanie gonadotropin
przez komorki przedniego plata przysadki, jak rowniez NKB dodatkowo nasila
wydzielanie KiSS-10 przez komorki przysadki gruczotowej. Pomimo, iz w przypadku Dyn
A wystepowata odwrotna zalezno$¢ miedzy jej stgzeniem w osoczu krwi a wiekiem,
neuropeptyd ten moze wywieraé bezposredni stymulujacy wpltyw na wydzielanie
gonadotropin na poziomie przysadki gruczotowej w warunkach in vitro, prawdopodobnie
niezaleznie od KiSS-10. Uzyskane wyniki wskazuja, ze wzajemne odziatywanie
neuropeptydow KNDy na poziomie przysadki, podobnie jak na poziomie podwzgorza,
istotnie wptywa na zapoczatkowanie aktywnos$ci rozrodczej owiec, a takze moze odgrywac

wazng rol¢ w patomechanizmie opdznionego dojrzewania ptciowego.
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WNIOSKI

.....

mialo miejsce 8 tygodni wczesniej (8. miesigc zycia) niz w przypadku owiec
pochodzacych z ciagzy mnogiej (10. miesigc zycia). Inicjacja aktywnoS$ci rozrodczej
zwigzana byla ze wzrostem stezenia KiSS-10 do wartosci 95.28 £5,21 ng/l u owiec
pochodzacych z cigzy pojedynczej oraz 95.80 £7,4 ng/l u owiec pochodzacych z cigzy
mnogiej oraz ze wzrostem st¢zenia NKB do wartosci 384,19 £38,36 ng/l w grupie S
oraz 364,70 £47,52 ng/l w grupie T ( na 4 tygodnie przed rozpoczeciem aktywnosci
rozrodczej), a takze obnizeniem stezenia Dyn A w osoczu krwi owiec obu badanych

grup (50,54 £4,59 ng/l oraz 52,63 £9,54 ng/l, odpowiednio dla S i T).

. U owiec pochodzacych z cigzy pojedynczej 1 blizniaczej wykazano dodatnig korelacje
pomiedzy zmianami st¢zenia KiSS-10 i NKB (r = 0.86 oraz r = 0.89, odpowiednio dla
S 1 T) w osoczu krwi wraz z wiekiem (od 4. do 10. miesigca zycia), natomiast ujemng
korelacje stwierdzono pomigdzy KiSS-10 i Dyn A (r = -0.55 oraz r = -0.98,
odpowiednio dla S 1 T) oraz migdzy NKB i Dyn A (r = -0.89 oraz r = -0.94,

odpowiednio dla S i T) w tych samych warunkach.

Srednia masa ciata owiec pochodzacych z ciazy pojedynczej w okresie od urodzenia
do 10-go miesigca zycia byla wyzsza niz w grupie owiec pochodzacych z ciazy

blizniaczej.

. KiSS-10, NKB i Dyn A wykazujg bezposredni wptyw na wydzielanie gonadotropin
przez komorki przysadki gruczolowej owiec w warunkach in vitro. KiSS-10
w stezeniach 10!1-10® M oraz 10!-107 M powoduja odpowiednio wzrost wydzielania
LH i FSH po 4, 12, 24 godz. dos$wiadczenia w poréwnaniu z grupa kontrolng. NKB
i Dyn A we wszystkich zastosowanych stezeniach (107!'!-107 M) pobudzaja wydzielanie
zarowno LH, jak i FSH.

. W przypadku NKB, w przeciwienstwie do Dyn A, stwierdzono istotny statystycznie
(P < 0,05) pobudzajagcy wpltyw na wydzielanie KiSS-10 z komoérek przysadki

gruczolowej owiec ( w stezeniu 10 M po 6, 12, 18, 24 godz. oraz w stezeniu 107 M

po 24 godz.).
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Abstract

Introduction: The hypothalamic neuropeptides kisspeptin-10 (KiSS-10), neurokinin B (NKB), and dynorphin A (Dyn A)
play roles in the endocrine regulation of the hypothalamic—pituitary—ovarian (HPO) axis in puberty. Livestock’s timely attainment
of sexual maturity increases reproductive efficiency and raises profitability. The pituitary relationship between these neuropeptides
and gonadotropins in puberty in ewes being undercharacterised. The aim of the study was to analyse their direct effect on
gonadotropin secretion by pituitary cells isolated from pubescent ewes. Material and Methods: Cells were incubated in McCoy’s
5A medium, either without neuropeptides (as the control) or with 10711, 1071°, 107, 108 and 10”7 M of KiSS-10, NKB and Dyn
A. After 4, 12 and 24 h, the luteinising hormone (LH) and follicle-stimulating hormone (FSH) concentrations were analysed by
ELISA using species-specific antibodies. Results: Greater LH and FSH secretion was observed after the 424 h exposure to
respective 10711-10 M and 107"'-1077 M concentrations of KiSS-10. Moreover, NKB and Dyn A applied in the concentration
range elevated the secretion of both LH and FSH throughout the experiment. Dynorphin A had the most significant effect on
gonadotropin secretion at all the concentrations used. In contrast, the most pronounced dose-dependent neuropeptide effect
throughout the experiment on the FSH secretion was attributed to NKB. Conclusion: Kisspeptin-10, NKB and Dyn A had a direct
impact on gonadotropin secretion by ovine pituitary cells. However, a detailed explanation of their role in gonadotropin secretion
by the anterior pituitary gland in sheep and of their impact on the regulation of the HPO axis during sexual maturation or in the
pathomechanism of delayed puberty require further studies.

Keywords: neurokinin B, dynorphin A, kisspeptin, gonadotropin, puberty.

Introduction

Puberty is a multifactorial and complex process in
animal development resulting in the attainment of the
reproductive capacity needed for species survival. It is
known that there are many internal and external factors
controlling it, among others achievement of appropriate
age and weight, metabolic state, photoperiod, susceptibility
to stress, and nutrition (32). In the case of livestock,
timely attainment of sexual maturity contributes to
increased reproductive efficiency, which leads to higher
profitability. Any deviation in the maturation process

has its negative consequences for proper development.
The role of some neuronal factors as gatekeepers of puberty
is not completely known and still under research. Many
studies revealed that kisspeptin, neurokinin B and dynorphin
neuropeptides, collectively referred to as KNDy neuropeptides
and recognised as the key neuropeptides produced and
secreted by the arcuate nucleus of the hypothalamus
(ARC), are involved in the endocrine regulation of the
onset of puberty (11, 20, 24) (Fig. 1).

Kisspeptins (KiSS), encoded by the kiss-/ gene, are
a group of endogenous ligands of orphan G protein-
related membrane receptors (GPR54) (10). The first
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product of kiss-1 gene expression is their common
precursor, prepro-kisspeptin, and its proteolysis results
in the formation of subsequent peptides, such as kisspeptin-54,
kisspeptin-14, kisspeptin-13 and kisspeptin-10 (KiSS-10)
belonging to the RF-amide peptide family (24). The
KiSS/GPR54 system is a factor that controls the
hypothalamic—pituitary—ovarian (HPO) axis. It is
suggested that KiSS may play a crucial role in the
emergence of reproductive function at puberty in both
humans and animals. In sheep, the preoptic area kisspeptin
population in the hypothalamus is thought to be involved
in surge generation, and ARC kisspeptin neurons are
engaged in the regulation of both surge and tonic
gonadotropin-releasing hormone (GnRH) secretion in
response to 17-beta-oestradiol (E2) (15, 24). Redmond
et al. (28) reported that intravenous administration of
KiSS in prepubertal ewes enhanced pulse-like and
surge-like secretion of LH. Aerts ef al. (1) demonstrated
that injections of neurokinin-3 (NK3)-saporin into the
ARC caused ablation of KNDy neurons in ewes and,
consequently, a delay in puberty. Any abnormalities in
the KiSS/GPR54 system may cause various forms of
reproductive disorders, e.g. delayed puberty or idiopathic
hypogonadotropic hypogonadism (5).

Neurokinin B (NKB), encoded by the TAC3 gene
in ewes (12), is a 10-amino-acid peptide belonging to the
tachykinin family, which also includes neurokinin A,
substance P and y neuropeptides (24). Tachykinins have
a common carboxy-terminal Phe-X-Gly-Leu-Met-NH»
amino-acid sequence, where X can be an aliphatic or
aromatic amino acid (20). To date, three tachykinin
receptors have been identified: for neurokinin-1 (NKIR),
neurokinin-2 (NK2R) and neurokinin-3 (NK3R); the last
one is a receptor for NKB (24). Neurokinin-3 receptor is
principally found in the central nervous system, where it
is co-expressed by practically all KNDy neurons in the
ARC (22). The NKB/NK3R system is regulated by sex
hormones and is suggested to be one of the main
modulators of the hypothalamic—pituitary—gonadal axis
(22). Acting locally on KNDy neurons, NKB stimulates

the release of KiSS, which binds to its receptor on GnRH
neurons, thereby increasing the secretion of GnRH (2).
Neurokinin B is an important component of the mechanism
responsible for the initiation of the ovine sexual maturation
process (3). Nestor et al. (23) reported that single
intravenous administration of senktide (an NKB agonist)
increased LH secretion in prepubertal female sheep.
Dynorphin A (Dyn A), encoded by the Pdyn gene,
is a compound from the family of endogenous opioid
peptides, which also includes B-endorphin and enkephalin,
and is characterised by the presence of a common N-terminal
Tyr-Gly-Gly-Phe-Leu (or Met) amino-acid sequence
(34). The receptor for dynorphin is the kappa opioid
receptor (KOR), which is highly expressed in the central
nervous system, especially in KNDy and GnRH neurons
(37). Some reports indicated that Dyn A inhibited LH
secretion in rodents (6, 20). Moreover, Dyn A may also
be involved in the regulation of reproductive processes
in ruminants. Lopez et al (13) demonstrated that
intracerebroventricular infusion of the KOR antagonist
norbinaltorphimine notably enhanced mean LH levels
compared to the control group in ovariectomised ewes
at a prepubertal age treated with an oestrogen implant.
There are also single findings that receptors for NKB
and Dyn A were present in anterior pituitary cells (17,
35) and, consequently, may be involved in the synthesis
and secretion of gonadotropins. Mijiddorj et al. (17)
reported the presence of NK3R and KOR in gonadotroph
cells of the LBT2 line; however, neither NKB nor Dyn
activated the FSHpP and LHP promoter. To the best of
our knowledge, there is no information about the
pituitary relationship between KNDy peptides and
gonadotropins during puberty in ewes. The available
reports on the influence of NKB and Dyn A on LH and
FSH secretion by pituitary gland cells in vitro are
ambiguous and do not relate to sheep. We have
demonstrated for the first time the direct effect of KiSS-
10, NKB and Dyn A on gonadotropin secretion from
anterior pituitary cells isolated from pubescent ewes.

Fig. 1. Role of kisspeptin-10 (KiSS-10), neurokinin B (NKB) and dynorphin (Dyn) A in
the endocrine regulation of puberty, based on Navarro (20) and Pinilla et al. (24)

ARC — arcuate nucleus; KNDy — kisspeptin, neurokinin B and dynorphin; GPR54 — G protein-
related membrane receptor 54; NK3R — neurokinin 3 receptor; KOR — kappa opioid receptor;
GnRH - gonadotropin-releasing hormone; LH — luteinising hormone; FSH — follicle-
stimulating hormone; + — positive action; — — negative action; ? — unknown action
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Material and Methods

The protocol of the experimental design and all
procedures were approved by the Local Ethics
Committee for Animal Experimentation in Lublin
(No. 65/2023). The cell culture was prepared using
pituitary glands isolated from 10-month-old ewe lambs
of the Polish Lowland sheep Uhruska variety (n = 6),
housed at the Professor T. Efner Small Ruminant
Research Station in Bezek (Poland). The ewes were
humanely euthanised by electric shock and
exsanguinated at a local slaughterhouse in accordance
with applicable regulations. The lambs’ pituitary glands
were dissected and transported within 1 h to the
laboratory in cold Dulbecco’s modified Eagle’s medium
(DMEM) (about 3-5°C) supplemented with 0.08%
glucose, 0.59% 4-(2-hydroxyethyl)- 1-piperazineethanesulfonic
acid (HEPES), 0.1% bovine serum albumin, and
gentamicin (20 pg/mL). The anterior and posterior lobes
of the pituitary were separated by blunt dissection. The
anterior pituitary tissue was minced and repeatedly
digested with 0.25% trypsin (10 min, 37°C). After each
digestion run, the cells were washed three times in
DMEM and centrifuged (1,200 rpm, 10 min). After the
last centrifugation, the pituitary cells were passed
through a 60-um nylon filter and counted in a Biirker’s
chamber. Cell viability evaluated using the 0.4% trypan
blue dye exclusion test was higher than 96%. The
pituitary cells (250,000 cells/mL) were then resuspended
in McCoy’s 5A medium containing 2.5% foetal calf
serum, 10% horse serum, 0.59% HEPES, a mixture of
amino acids and vitamins, and gentamicin (20 pg/mL)
(adjusted to pH 7.4), and seeded into 24-well culture
plates (1 mL/well). The cells were allowed to attach for
96 h at 37°C under a 5% CO, atmosphere (4, 7, 25, 26,
31) until the start of the experiments. During this period,
the viability of both the cells suspended in the medium
and those already attached to the bottom of the well was
also assessed using the 0.4% trypan blue dye exclusion
test. Cells that had adhered were detached from the
bottom of selected wells using trypsin to determine their
viability. The cell viability was estimated at 97% after
24 and 48 h and 96% after 72 and 96 h. After cells’
attachment to the dishes and formation of a monolayer,
they were incubated in McCoy’s 5A medium without
neuropeptides (which served as the control) or with
107',10719, 107, 107® and 1077 M of KiSS-10, NKB or
Dyn A. After 4, 12 and 24 h of the experiment, the media
were collected and stored at —20°C to determine the
cumulative concentration of LH and FSH by ELISA
using species-specific antibodies (Sheep LH ELISA Kit
or FSH ELISA Kit; Sunred Biological Technology,
Shanghai, China). The intra- and inter-assay coefficients
of variations of the assay for LH and FSH were <10%
and <12%, respectively. The LH and FSH secretion
levels were expressed as the concentration (mIU/mL) of
the hormone released into the culture medium by
250,000 cells within 4-24 h.

Statistical analysis. The results were calculated
using Statistica 13.0 PL (TIBCO, Palo Alto, CA, USA)

and expressed as a mean and standard deviation (x + SD).
Differences with a P-value < 0.05 were considered significant.
Pearson linear correlation coefficients were calculated to
assess the relationships between the analysed variables,
which were KiSS-10 concentration and LH or FSH
secretion, NKB concentration and LH or FSH secretion
and Dyn A concentration and LH or FSH secretion.

Results

Influence of KiSS-10 (107''-107 M) on LH
secretion from ovine pituitary cells in vitro. The effect
of KiSS-10 on LH secretion was dependent on the time
of exposure and its concentration in the culture medium
(10711-1077 M). Kisspeptin-10 at 1071'-10® M caused
an increase in the LH secretion compared to the control
throughout the experiment. The highest LH secretion
was recorded after the exposure of the cells to 107® M of
KiSS-10, with a maximum after 24 h. This value was
statistically significantly higher (P-value < 0.05) than in
the control. However, at the highest concentration used
(1077 M), KiSS-10 reduced gonadotropin release
throughout the entire experiment compared to the
control and cultures treated with it at the lower
concentrations.  Statistically  significantly  higher
(P-value < 0.05) secretion of LH was induced by
KiSS-10 applied at the concentrations of 107''-107% M
compared to 1077 M KiSS-10 after 12 and 24 h of
incubation. The results revealed a high or very high
negative correlation between the concentration of
KiSS-10 (107''-10"7 M) and the LH secretion from the
pituitary cells (r=—0.76, r=-0.96 and r = —0.91 after 4,
12 and 24 h, respectively). However, a positive correlation
was found between the KiSS-10 concentrations and
the LH secretion only when the neuropeptide was in the
concentration range of 107''-10® M (r = 0.90, r = 0.99
and r = 0.96 after 4, 12 and 24 h, respectively) (Fig. 2).

Influence of KiSS-10 (107"-107 M) on FSH
secretion from ovine pituitary cells in vitro.
Kisspeptin used at all the concentrations caused an
increase in FSH secretion compared to the control
throughout the experiment. A statistically significant
(P-value < 0.05) increase in FSH secretion was observed
after 12 and 24 h at the 10 M concentration compared
to the control. However, the exposure of the cells to
1077 M of kisspeptin in the culture medium caused
a slight decrease in FSH secretion throughout
the experiment compared to secretion in cultures with
KiSS-10 applied at the lower concentrations. No
statistically significant differences (P-value > 0.05) were
found between the FSH secretion levels under the
influence of the different KiSS-10 concentrations
(107""'-1077 M) at any specific incubation time.
The results showed a negative correlation between the
concentration of KiSS-10 (107''-1077 M) and FSH
secretion from the pituitary cells (r = —0.81, r = —0.43
and r =—0.59 after 4, 12 and 24 h, respectively) (Fig. 3).
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Fig. 2. Influence of kisspeptin-10 (107''~10"7 M) on luteinising hormone (LH) secretion from ovine pituitary cells in vitro
a, b, c — mean values obtained at a specific incubation time marked with different letters differ statistically significantly (P-value < 0.05)

Fig. 3. Influence of kisspeptin-10 (107''-10"7 M) on follicle-stimulating hormone (FSH) secretion from ovine pituitary cells in vitro
a, b — mean values obtained at a specific incubation time marked with different letters differ statistically significantly (P-value < 0.05)

Influence of NKB (107''-10”7 M) on LH secretion
from ovine pituitary cells in vitro. The effect of NKB
on LH secretion, similarly to the effect of kisspeptin,
was dependent on its concentration in the culture
medium and the duration of the experiment. The
exposure of the cells to all the NKB doses used had
a stimulating effect on LH secretion relative to the
control. A marked increase in secretion was induced by
1071107 M of NKB after 4-24 h. The strongest
stimulatory action (P-value < 0.05) was observed

after the 12- and 24-h treatments with 1078 M of NKB.
Statistically significantly higher (P-value < 0.05)
secretion of LH under the influence of NKB was found
at the concentration of 10781077 M (after 12 h) and
10 M (after 24 h), compared to the concentration of
107" M. The results showed a low positive correlation
between the concentration of NKB (107!'-1077 M) and
LH secretion from the pituitary cells (r = 0.48, r = 0.45,
and r = 0.37 after 4, 12 and 24 h, respectively) (Fig. 4).
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Fig. 4. Influence of neurokinin B (107!'-10"7 M) on luteinising hormone (LH) secretion from ovine pituitary cells in vitro
a, b — mean values obtained at a specific incubation time marked with different letters differ statistically significantly (P-value < 0.05)

Fig. 5. Influence of neurokinin B (107''-1077 M) on follicle-stimulating hormone (FSH) secretion from ovine pituitary cells in vitro
a, b — mean values obtained at a specific incubation time marked with different letters differ statistically significantly (P-value < 0.05)

Influence of NKB (107''-107 M) on FSH
secretion from ovine pituitary cells in vitro. The
exposure of the cells to 107"'-107 M of NKB resulted
in elevated FSH secretion throughout the experiment
compared to the control. The most pronounced
stimulating effect on FSH secretion was found after 4,
12 and 24 h at 107 M of NKB. Follicle-stimulating
hormone secretion reached a maximum after the 12- and
24-h exposure of the cells to the highest concentration
used (1077 M). This value was statistically significantly

higher (P-value < 0.05) than in the control and cultures
with NKB at the lower concentrations. Statistically
significantly higher (P-value < 0.05) secretion of FSH
was induced by NKB at the concentration of 107 M
(after 4 and 12 h) and 10781077 M (after 24 h) than by
this neuropeptide at 107''-1071° M. The results revealed
a high positive correlation between the concentration of
NKB (107"'-107 M) and FSH secretion from the
pituitary cells (r = 0.89, r = 0.90 and r = 0.73 after 4, 12
and 24 h, respectively) (Fig. 5).
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Fig. 6. Influence of dynorphin A (107''-10"7 M) on luteinising hormone (LH) secretion from ovine pituitary cells in vitro
a, b — mean values obtained at a specific incubation time marked with different letters differ statistically significantly (P-value < 0.05)

Fig. 7. Influence of dynorphin A (107''-1077 M) on follicle-stimulating hormone (FSH) secretion from ovine pituitary cells in vitro
a, b, c — mean values obtained at a specific incubation time marked with different letters differ statistically significantly (P-value < 0.05)

Influence of Dyn A (107''-107 M) on LH
secretion from ovine pituitary cells in vitro. The
influence of Dyn A on LH secretion was dependent on
the time of exposure and its concentration in the culture
medium. The exposure of the cells to 107'°-1077 M of
Dyn A caused a statistically significant (P-value < 0.05)
increase in LH secretion compared to the control.
Luteinising hormone secretion reached its maximum
level after 24 h in response to 10 M of Dyn A.
However, no statistically significant differences were
found between the LH secretion levels under the influence of

the different Dyn A concentrations (10711077 M)
at a specific incubation time. There was no statistically
significant correlation between the Dyn A (1071107 M)
concentration and LH secretion (r =—0.24, r = 0.17 and
r=0.26 after 4, 12 and 24 h, respectively) (Fig. 6).
Influence of Dyn A (107"-107 M) on FSH
secretion from ovine pituitary cells in vitro. The
exposure of the cells to Dyn A resulted in an increase in
FSH secretion at all the doses used throughout the
experiment compared to the control. A significant effect
(P-value < 0.05) was observed at the concentrations of
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107"-10 M after 4-24 h. The strongest stimulatory
action (P-value < 0.05) was observed after 24 h at 107! M
of Dyn A.

Statistically significantly higher (P-value < 0.05)
secretion of FSH was induced by Dyn A at the concentration
of 107" M compared to its effect at 10 -1077 M after
24 h. The results indicated a moderate negative relationship
between the concentration of Dyn A (107''-1077 M)
and FSH secretion from the pituitary cells (r = —0.50,
r=-0.57 and r=—0.57 after 4, 12 and 24 h, respectively)

(Fig. 7).

Discussion

It is known that three neuropeptides (KiSS-10,
NKB and Dyn A) produced by the KNDy subpopulation
in the ARC region of the hypothalamus can regulate
reproductive functions during sexual development.
Detailed data of their characteristics will help to
elucidate the pathomechanism of delayed puberty or
other neuroendocrine disorders leading to infertility
(2, 3, 11, 22, 24, 33). The evidence that KiSS-1 causes
an increase in gonadotropin secretion in a GnRH-
dependent manner was provided by Navarro et al. (21),
who indicated that the central administration of KiSS-1
to immature female rats enhanced their plasma LH
levels. Moreover, in studies conducted on sheep,
Messager et al. (16) reported that intraventricular administration
of kisspeptin caused a rapid increase in LH secretion
during the first 2 h of the experiment in 2- to 3-year-old
Ile de France ewes during the anoestrous season. It was
also shown that a single intravenous injection of 0.5,
1 or 2 mg of KiSS-10 notably increased LH secretion in
three-month-old Small-tail Han female lambs within
15 min (36). In addition, an in vitro experiment conducted by
Kosior-Korzecka et al. (8) indicated that KiSS-10
applied at 107''-10"° M after 48 h caused a high increase
in GnRH, which induced FSH secretion by anterior
pituitary cells isolated from six-month-old Polish Lowland
ram lambs. Furthermore, the expression of GPR54 was
detected in the anterior pituitary gland (14, 29);
therefore, KiSSs can act directly on pituitary cells (8, 26,
27). As reported by Radwanska and Kosior-Korzecka (26),
after 2 h KiSS-10 at 107"'-10® M increased thyroid-
stimulating hormone (TSH) secretion in vitro from
pituitary cells isolated from six-month-old ewe lambs of
the SCP line (50% Suffolk + 25% Romanov + 25% Polish
Lowland Sheep). These authors also demonstrated that
TSH secretion reached a maximum level after 2 h of the
action of KiSS-10 at the 107" M concentration. In turn,
our study shows that KiSS-10 also had an impact on
gonadotropin secretion by anterior pituitary cells
isolated from pubescent ewes. The ewes, predisposed to
delayed puberty, were multiple offspring of high-body
weight mothers and did not ovulate until their tenth
month (27). Since there are no studies in this field
carried out on sexually mature sheep and those
predisposed to delayed puberty, the present in vitro

experiment was conducted on anterior pituitary cells
isolated from such, and namely these 10-month-old
ewes of the Polish Lowland sheep, Uhruska variety. In
our research, we demonstrated an increase in the LH and
FSH secretion after 4-24 h exposure to 10-''-107% M
and 107'"-1077 M of KiSS-10, respectively, throughout
the experiment. A statistically significant (P-value < 0.05)
increase in the LH secretion was recorded after the
exposure of the cells to 10® M of KiSS-10, with
a maximum after 24 h of incubation; in turn, the highest
FSH secretion was observed after 12 and 24 hat 10° M
of kisspeptin compared to the control. Drawing
a comparison with the effect of KiSS-10 in other animal
species, we can state that our findings are consistent with
the report by Suzuki et al. (30), which indicated that
KiSS-10 stimulated LH secretion from porcine anterior
pituitary cells at the doses of 1077 M and 107 M and from
bovine anterior pituitary cells at 10° M and 107> M. Based
on our previous findings (9), KiSS-10 also caused
significant enhancement of LH secretion by porcine
pituitary cells in vitro compared to the control,
especially after 30-h exposure of the cells to 10 M of
kisspeptin. These data also confirm that KiSS-10 can
directly affect gonadotropic cells.

Single reports indicated that NKB and Dyn A may
also be directly involved in the synthesis and/or
secretion of hormones at the anterior pituitary level.
Mun et al. (19) observed that the expression of gonadotropic
hormone in female Nile tilapia was increased after
treatment of pituitary cell cultures with the NKB peptide,
especially at concentrations of 10°® M and 10°° M. Based
on data reported by Mizrahi et al. (18), the intraperitoneal
injection of an NKB analogue caused an increase in FSH
and LH secretion in sexually mature female Nile tilapia
after 1 h of the procedure. Mizrahi ef al. also demonstrated
that neurokinin B and its analogue enhanced the mRNA
expression of FSHP and LHP (18). In addition,
Mijiddorj et al. (17) found a receptor of NKB and Dyn
in gonadotroph LBT2 cells (a mouse pituitary cell line)
and the somatolactotroph GH3 line (rat pituitary cells).
However, to the best of our knowledge, there are no such
data on sheep. Therefore, in the present study, we
investigated any effect of NKB or Dyn A on gonadotropin
secretion from anterior pituitary cells isolated from
pubescent ewes. Our results showed that the exposure to
1071'-107 M of NKB resulted in elevated LH and FSH
secretion by ovine pituitary cells in vitro throughout the
experiment. The LH secretion reached a maximum after
the 24-h treatment with 107® M of NKB. In turn, the
highest level of FSH secretion was observed after the
24-h exposure of the cells to the concentration of 1077 M. We
also observed that Dyn A applied at the 107''-107 M
concentration caused a statistically significant
(P-value < 0.05) increase in the LH secretion compared
to the control. The LH secretion reached the highest
level after 24 h in response to 10® M. In addition,
the Dyn A neuropeptide caused the highest increase in
the LH secretion throughout the experiment.
Furthermore, the exposure of the cells to Dyn A also
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resulted in an increase in the FSH secretion at all the
concentrations used throughout the experiment compared
to the control, its secretion reaching its maximum level
when acted on by 107" M of Dyn A for 24 h. This value
was significantly higher (P-value < 0.05) than in the
control. To summarise the effects of the three neuropeptides
on gonadotropin secretion: the most significant stimulating
effect on LH and FSH secretion by the pituitary cells of
pubescent ewes compared to the control was exerted by
Dyn A, and the most pronounced dose-dependent effect
of the neuropeptides on FSH secretion was observed
during the action of NKB throughout the experiment.
Unfortunately, it is difficult to compare the present
results, because to the best of our knowledge there have
been no similar studies on higher vertebrates in this field.

Conclusion

In this study, we characterised the ability of NKB,
KiSS-10 and Dyn A to stimulate LH and FSH secretion
from pituitary cells isolated from pubescent ewe lambs.
The results of our study further document the novel role
of NKB, KiSS-10 and Dyn A in the neuroendocrine
regulation of gonadotropin secretion at the pituitary
level. The function of these neuropeptides may consist
in the initiation of reproductive activity, which leads to
the occurrence of the first ovulation and achievement of
sexual maturity. A detailed explanation of the role of
KiSS-10, NKB and Dyn A in gonadotropin secretion by
the anterior pituitary gland in sheep and the
determination of their impact on the regulation of the
HPO axis during sexual maturation or in the
pathomechanism of delayed puberty require further
research.
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Abstract

Introduction: Neurokinin B (NKB), dynorphin A (Dyn A) and kisspeptin (KiSS) are key agents that participate in the
neuroendocrine regulation of the development and functioning of the reproductive system. While the role of KiSS is better
understood, the functions of NKB and Dyn A at the pituitary level have not been elucidated. The objective of our study was to
analyse their direct effect on kisspeptin-10 (KiSS-10) secretion by anterior pituitary cells isolated from pubescent ewes. Material
and Methods: Pituitary cells from 10-month-old ewe lambs were incubated in McCoy’s 5A medium without hormones
(the control), or with 1071, 1071, 10°, 1078 or 1077 M of NKB or Dyn A for 2, 4, 6, 12, 18 or 24 h. The concentration of KiSS-10
was analysed by ELISA using species-specific antibodies. Results: When applied at the concentrations of 1071°-10"7 M, NKB
increased KiSS-10 secretion throughout the entire experiment (2-24 h), compared to the control. Significantly higher (P-value < 0.05)
KiSS-10 release than in the control was observed after 6-24 h exposure of the cells to 10°8 M of NKB. However, no effect of NKB
on the secretion of KiSS-10 was shown when applied at the lowest concentration (10! M). In turn, there was no significant effect
of Dyn A at any concentration on KiSS-10 secretion by pituitary cells at any time. Conclusion: In contrast to Dyn A, NKB can
directly affect KiSS-10 secretion from the pituitary cells of pubescent ewes in a way dependent on the time of exposure to this
neuropeptide and its concentration in the culture medium. This phenomenon may indicate a potential role of NKB in the initiation
of reproductive activity, which leads to the achievement of sexual maturity in the optimal developmental window.

Keywords: neurokinin B, dynorphin A, Kisspeptin, pituitary, puberty.

Introduction

It is known that delayed puberty in livestock may
have negative health effects, including an increase in the
amount of subcutaneous and visceral fatty tissue and
obesity, and may consequently have the negative economic
effect of reduced productivity (1). Reaching sexual maturity
depends on many factors, e.g. sufficient production of
neuronal agents like kisspeptin-10 (KiSS-10), neurokinin B
(NKB) and dynorphin A (Dyn A) by KNDy (kisspeptin,
neurokinin B and dynorphin) neurons in the central
nervous system. These three neuropeptides play a relevant
role in the neuroendocrine regulation of the development
and functioning of the reproductive system where they
regulate ovulation and fertility (17). As a 10-amino-acid

peptide belonging to the tachykinin family, NKB directly
stimulates hypothalamic KNDy neurons, leading to
secretion of Kisspeptins (13). These are a family of
neuropeptides and endogenous ligands of G protein-
coupled receptors (GPR54). Kisspeptins binding to their
receptor on gonadotropin-releasing hormone (GnRH)
neurons in the preoptic area (POA) and arcuate nucleus
(ARC) in the hypothalamus enhance the pulsatile secretion
of GnRH, which results in luteinising hormone (LH) and
follicle-stimulating hormone (FSH) secretion in the
anterior pituitary gland, mediating the NKB effect (17).
In turn, dynorphins, belonging to the family of endogenous
opioid peptides produced in the ARC, inhibit prepubertal
GnRH secretion and consequently gonadotropin secretion
by the anterior pituitary gland (5). The KiSS-1/GPR54
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(http://creativecommons.org/licenses/by/4.0/)



300 N. Szysiak et al./] Vet Res/69 (2025) 299-304

and NKB/neurokinin B receptor (NK3R) systems are
key factors in the hormonal regulation of puberty onset.
It is known that mutations in the TAC3 or TACR3
genes, respectively coding for NKB or NK3R, cause
hypogonadotropic hypogonadism in humans because of
disturbances in the secretion of gonadotropic hormones
from the anterior pituitary gland (21, 27, 30). As shown
by Li etal. (9), KiSS-10 and senktide (an NK3R agonist)
infused into the lateral ventricle during the luteal phase
of the ovine oestrous cycle increased the LH pulse
frequency and the mean LH levels (9). They also
reported that in conditions of minimal GnRH/LH
secretion, central NK3R agonist infusion induced LH
release, similarly to the response to KiSS-10. Moreover,
Goodman et al. (6) demonstrated that the ablation of
over 90% of KNDy neurons in the ARC of the
hypothalamus caused by application of MePhe7-NKB
(a selective NK3 receptor agonist) conjugated to saporin
resulted in a decrease in the LH pulse amplitude in
ovariectomised adult Blackface ewes (6). In addition,
the expression of GPR54 in the pituitary gland was
found, which proves that a KiSS can act directly at this
level, affecting the secretion of tropic hormones (19, 22,
23, 31). Single data indicate that NKB and Dyn A may
also be involved in the synthesis and secretion of
hormones in the pituitary gland (10, 11, 12, 28).
However, to the best of our knowledge, there are no
reports on the direct effect of NKB or Dyn A on KiSS
secretion from the ovine pituitary gland. Therefore, the
aim of this study was to analyse, for the first time, the
influence of NKB and Dyn A on KiSS secretion by
pituitary cells isolated from pubescent ewes.

Material and Methods

Experiment design. The protocol of the experimental
design and all procedures were approved by the Local
Ethics Committee for Animal Experimentation in Lublin
(No. 65/2023). The cell culture was prepared using
pituitary glands isolated from 10-month-old ewe lambs
of the Polish Lowland sheep, Uhruska variety (n = 6;
mean body weight: 39.52 + 3.25 kg), housed at the Professor
T. Efner Small Ruminant Research Station in Bezek
(Poland) in the autumn season. The ewes were humanely
euthanised by electric shock and exsanguinated at a local
slaughter house in accordance with applicable
regulations. The pituitary glands were dissected and
transported within 1 h to the laboratory at approximately
3-5°C in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with  0.59%  4-(2-hydroxyethyl)-1-
piperazineethanesulfonic acid (HEPES), 0.08% glucose,
0.1% bovine serum albumin and gentamicin at 20 pg/mL.
The anterior and posterior lobes of the pituitary were
separated by blunt dissection. The anterior pituitary
tissue was minced and repeatedly enzymatically
digested with 0.25% trypsin for 10 min each time
at 37°C. After each digestion round, the cells were

washed three times in DMEM and centrifuged at 1,200 rpm
for 10 min. After the last centrifugation, the pituitary
cells were passed through a 60-um nylon filter and
counted in a Biirker chamber. Cell viability evaluated by
0.4% trypan blue dye exclusion was higher than 96%.
The pituitary cells at 250,000 cells/mL were then
resuspended in McCoy’s 5A medium containing 2.5%
foetal calf serum, 10% horse serum, 0.59% HEPES,
a mixture of amino acids and vitamins, and gentamicin
at 20 pg/mL, and the solution was adjusted to pH 7.4 and
seeded in 24-well culture plates in 1 mL aliquots per
well. The cells were allowed to attach for 96 h at 37°C
under a 5% CO; atmosphere (8, 18, 19, 24) until the start
of the experiments. After attachment to the dishes and
formation of a monolayer, the pituitary cells were
incubated in McCoy’s 5A medium without hormones
(the control), or with 107"!, 1079, 107, 10% or 1077 M
of NKB or Dyn A. After 2, 4, 6, 12, 18 or 24 h of
the experiment, the media were collected and stored
at —20°C to determine the cumulative concentration of
KiSS-10 by ELISA using species-specific antibodies
(KiSS-1  (112-121) Amide/Kisspeptin-10/Metastin
45-54) Amide EIA (enzyme immunoassay) Kit;
Phoenix Pharmaceuticals, Burlingame, CA, USA). The
kisspeptin secretion was expressed as the concentration
(ng/mL) of the hormone released into the culture
medium by 250,000 cells during the particular
incubation time.

Statistical analysis. The results were calculated
using Statistica 13.0 PL (Dell, Round Rock, TX, USA)
and expressed as a mean and standard deviation (x £ SD).
Comparisons between the control and experimental
cultures were performed using analysis of variance and
paired t-tests. Differences with a P-value < 0.05 were
considered significant. Pearson linear correlation
coefficients were calculated to assess the relationships
between the analysed variables: NKB concentration or
Dyn A concentration and KiSS-10 secretion.

Results

Influence of NKB on KiSS-10 secretion by ovine
pituitary cells in vitro. The effect of NKB on KiSS-10
secretion was dependent on the time of exposure and the
NKB concentration in the culture medium (which
ranged over 107!''-10"7 M). The treatment of the cells
with 1071°-1077 M of NKB resulted in elevated KiSS-10
secretion throughout the entire experiment compared to
the control. A significant effect of NKB (P-value < 0.05)
on KiSS-10 was found after 6-24 h at the dose of
1078 M and after 24 h at 1077 M of NKB. The KiSS-10
release reached a maximum after the 24-h exposure of
the cells to NKB at the concentration of 10 M. This
value was significantly higher (P-value < 0.05) than in
the control and in the other cultures with NKB. However,
no effect of NKB at the concentration of 107" M was
observed on the secretion of KiSS-10 (Fig. 1).
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Fig. 1. Influence of neurokinin B on kisspeptin-10 (KiSS-10) secretion from ovine pituitary cells in vitro
* — statistically significant difference (P-value < 0.05) compared to the control

Fig. 2. Influence of dynorphin A on kisspeptin-10 (KiSS-10) secretion from ovine pituitary cells in vitro

There was no correlation between the concentration
of NKB and KiSS-10 secretion from the ovine pituitary
cells after 4, 6, 12, 18 or 24 h (r = 0.04, r = 0.01,
r=-0.08, r=0.01 and r = 0.23, respectively). However,
a low positive correlation was found between the NKB
concentration over the full range in the experiment and
the KiSS-10 secretion after 2 h (r = 0.4). In turn, there
was a moderate positive correlation between NKB in the
range of 107''-10"® M and KiSS-10 secretion after 2 h
(r = 0.55), a high positive correlation after 4 h (r = 0.89)
and a very high positive correlation after 6, 12, 18 and
24h(r=0.93,r=0.99,r=1.0and r = 1.0, respectively).

Influence of Dyn A on KiSS-10 secretion by
ovine pituitary cells in vitro. There was no significant
effect of Dyn A applied in the full concentration range
over the whole time of the experiment on the secretion
of KiSS-10 by the ovine pituitary cells. However, Dyn A
used at 107'° M caused a slight increase in KiSS-10 after
12 and 24 h, and used at 107°-10"% M, it did so after
24 h, compared to the control and the other cultures with
Dyn A (Fig. 2). There was no correlation between the
concentration of Dyn A in the range of 10''-107 M and
KiSS-10 secretion from the ovine pituitary cells after
2and 4 h (r =—0.16 and r = 0.05, respectively). However,
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the study showed a low positive correlation between the
concentration of Dyn A over the full range in the
experiment and KiSS-10 secretion after 6 h (r = 0.42),
a low negative correlation after 12 and 18 h (r =—0.37
and r = —0.43, respectively), and a high negative correlation
after 24 h (r =-0.72).

Discussion

In vitro studies conducted on cells isolated from the
anterior pituitary gland extend our understanding of
neuroendocrine phenomena in mammals. The endocrine
regulation of the hypothalamic—pituitary—ovarian (HPO)
axis during mammalian puberty depends in large part on
neuronal agents like NKB, KiSS-10 and Dyn A (1, 3,
13, 17). Neurokinin B, KiSS and Dyn A were found in
identical subpopulations of neurons located in the ARC
of the hypothalamus in many animal species, e.g. goats
(29), pigs (7), sheep (6) and mice (15). It is also known
that through KiSS stimulation, NKB induces GnRH
release in the hypothalamus, leading to gonadotropin
secretion in sheep (1, 2, 3). The role of NKB on the
hypothalamus—pituitary axis in females depends on the
endocrine condition. Some studies indicate that senktide,
an agonist of the NKB receptor, activates LH release in
adult ewes (4, 16) and rats (14). Terasawa et al. (26)
reported that NKB and KiSS independently activated
GnRH release in female rhesus monkeys before puberty,
but a collaborative mechanism between these two
neuropeptides accelerated the increase in GnRH secretion
in pubertal females (26). In turn, the function of Dyn A
involves the inhibition of GnRH release, and consequently,
of LH secretion (15, 17). While the role of KiSS is better
understood, the function of NKB and Dyn A at the
pituitary level and their mediation of KiSS secretion
at this level have not been thoroughly explored. Studies
conducted on fish (female Nile tilapia) showed the effect
of NKB on pituitary cell cultures, where the expression
of FSHP and LHB mRNA was notably elevated after
treatment with NKB at 10 nM and 1,000 nM (12). In
addition, Mizrahi et al. (11) proved that an NKB
analogue increased LH and FSH mRNA levels in the
tilapia pituitary (11). Mijiddorj et al. (10) demonstrated
that the NKB receptor and the Dyn A receptor were
present in the LBT2 cell line (luteinising hormone
subunit B T-antigen gonadotroph cells) (10). In our
experiment, we demonstrated the direct in vitro effect of
NKB and Dyn A on KiSS-10 secretion by anterior
pituitary cells isolated from pubescent ewes. As shown
in the present study, the effects of NKB or Dyn A on
KiSS-10 secretion by ovine pituitary cells are
heterogeneous and depend on the exposure time and
NKB or Dyn A concentrations in the culture medium.
When used at the concentrations of 1071°-107 M, NKB
increased KiSS-10 secretion throughout the entire
experiment, compared to the control. The highest level
of KiSS-10 release was recorded after the 24-h exposure
of the cells to NKB at the concentration of 107% M.

However, no effect of NKB on the secretion of KiSS-10
was observed when it was applied at the lowest
concentration (107! M). These results prove that
a higher concentration of NKB contributes to the
regulation of KiSS-10 secretion by pituitary cells. In
addition, as indicated by our previous findings (25), the
exposure of ovine pituitary cells in vitro to NKB at the
concentration of 107''-107 M resulted in elevated
gonadotropin secretion. The highest level of LH
secretion was observed after 24-h exposure of the cells
to the concentration of 10°® M, and the strongest FSH
secretion came after 24-h exposure to 10”7 M. To date,
the reports on the involvement of NKB in sexual
maturation have addressed regulatory mechanisms only
at the hypothalamic level. The study conducted by
Topaloglu et al. (27) showed that mutations in the NKB
coding gene (TAC3) and in its receptor coding gene
(TACR3) cause hypogonadotropic hypogonadism and
block pubertal initiation (27). Our new data suggest that
by increasing the secretion of Kkisspeptins and
gonadotropins by pituitary cells, NKB may be relevant
in activation of the HPO axis during puberty also at the
pituitary level. Moreover, our results indicating the
positive effect of NKB on the secretion of KiSS-10 and
gonadotropins by pituitary cells are the basis for further
studies to determine whether, as in the hypothalamus,
the effect of NKB on GnRH (and subsequently LH and
FSH) secretion may be mediated by Kkisspeptins.
Whether kisspeptins mediate the secretion of these
gonadotropins is better known, however, when the effect
of Dyn A is considered. In our previous study we
observed that Dyn A caused an increase in gonadotropin
secretion at all the concentrations used (10!'-1077 M).
The LH secretion reached its maximum after 24 h in
response to 107® M, and the highest FSH secretion was
recorded after 24-h exposure to the lowest concentration
of Dyn A (107! M) (25). Our present experiment showed
no significant effect of any concentration of Dyn A on
KiSS-10 secretion by ovine pituitary cells. Therefore,
the effect of Dyn A on gonadotropin secretion appears
not to be mediated by kisspeptins.

Unfortunately, it is difficult to compare the present
results because of the lack of similar data in the literature
on the mutual interactions of NKB and Dyn A at the
level of the pituitary gland. A full elucidation of the role
of these neuropeptides in KiSS-10 secretion at the
pituitary level and the establishment of their impact on
neuroendocrine regulation during puberty require
further studies.

Conclusion

The present study provides new data for the novel
role of NKB in the endocrine regulation of KiSS-10
secretion from ovine anterior pituitary cells. Neurokinin B,
in contrast to Dyn A, can directly affect KiSS-10
secretion from pituitary cells of pubescent ewes in a way
dependent on the time of exposure to this neuropeptide
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and its concentration in the culture medium. Hence, our
results may indicate the potential importance of NKB in
the initiation of reproductive activity in ewes and,
consequently, in their reaching sexual maturity in the
optimal developmental window.
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Abstract

Introduction: Kisspeptin (KiSS), neurokinin B (NKB) and dynorphin A (Dyn A) participate in the neuroendocrine regulation
of reproductive system development and functioning; however, their roles in the onset of sexual maturity and pathomechanism of
delayed puberty have not yet been fully elucidated. The aim of the study was to determine changes in the Kisspeptin-10 (KiSS-10),
NKB and Dyn A concentration in blood plasma collected from ewe lambs during puberty in relation to the first ovulation time, and
to examine the relationship between these neuropeptides. Material and Methods: Twenty-four ewe lambs were divided into two
groups: from single (S) pregnancies and from twin (T) pregnancies. To determine the KiSS-10, NKB and Dyn A concentration
with ELISA, blood was collected from all sheep at 4, 5, 6, 7, 8, 9 and 10 months of age. Singletons and twins had their first
ovulations at 8 and 10 months of age, respectively. Results: Changes in the KiSS-10 and NKB concentrations were positively
correlated with age in both S (r = 0.86) and T ewes (r = 0.89). A negative correlation was found between KiSS-10 and Dyn A
(r=-0.55 and —0.98, for S and T, respectively) and between NKB and Dyn A (r = —0.89 and —0.94, for S and T, respectively).
Conclusion: The initiation of ovarian activity is associated with concurrent increases in plasma KiSS-10 and NKB concentrations
with age and reduced Dyn A concentrations in both groups. Our results show that these neuropeptides may regulate the timing of

reproductive activity onset in sheep.

Keywords: dynorphin A, ewe, Kisspeptin, longitudinal study, neurokinin B, puberty disorders.

Introduction

The pathomechanism of delayed puberty due to
various aetiological factors has not been definitively
elucidated. A delay in ewe puberty, which normally
occurs in the first year of life, prevents reproductive
activity at the right time and thus reduces reproductive
performance. Evidence from other mammalian species
point to associations with hormonal and metabolic
disorders (1, 5, 24, 28). One of the causes of delayed
puberty in lambs is low birth weight. It is observed in
ewes from twin pregnancies and the offspring of mothers
with a high body weight (9, 22, 23). Furthermore,
achieving sexual maturity via activation of the
hypothalamic—pituitary—ovarian (HPO) axis depends on
the adequacy of fat reserves contained in subcutaneous

and visceral adipose tissue as well as on key metabolic
signals, e.g. an adequate plasma leptin concentration
(34). Leptin, a peptide released from white adipose
tissue and binding to the long-form (OB-Rb) and short-
form (OB-Ra) obesity receptors in the hypothalamus,
mediates the activation of GnRH neurons. The activation
of these neurons induces gonadoliberin release, leading
to increased LH and FSH secretion by the anterior
pituitary gland (25, 34). In the hypothalamus, this effect
of leptin is mediated by neuronal agents, such as
kisspeptins (KiSSs) (2, 8, 17).

KiSSs, belonging to the arginine-phenylalanine
amide (RF-amide) peptide family, along with other
neuropeptides such as neurokinin B (NKB) from the
tachykinin family, and dynorphin (Dyn), representing
the family of endogenous opioid peptides, are produced
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by KNDy (kisspeptin, neurokinin B, and dynorphin)
neurons in the arcuate nucleus (ARC) of the
hypothalamus (15). A key role is played by KiSSs, NKB
and Dyns in the endocrine regulation of the reproductive
system during puberty. The function of NKB in puberty
in sheep is not direct stimulation of gonadotropin-
releasing hormone (GnRH) neurons, because these
neurons lack the neurokinin 3 receptor for NKB (NK3R)
which ARC KNDy neurons have. It is believed that
stimulation of GnRH/LH secretion by NKB occurs
indirectly via activation of the ARC KNDy neurons,
which leads to increased KiSS production (3, 14, 20).
A Kkisspeptin interacts with its receptor on GnRH
neurons located in the preoptic area (POA) and the ARC
of the hypothalamus. This interaction enables the
pulsatile release of GnRH, which subsequently induces
the anterior pituitary to secrete gonadotropins (15). It is
known that the lack of NKB and NK3R causes
hypogonadotropic hypogonadism and failure to mature
sexually in humans (29). As reported by Billings et al. (4),
intraventricular application of an NKB analogue (senktide)
in mature ewes caused surge-like secretion of LH.
Additionally, intravenous application of KiSS-10 in
concentrations of 0.5, 1 and 2 mg increased LH secretion
in prepubertal female Small-tail Han Sheep (31). The
role of Dyns, in turn, in puberty is much less well
explained than the role of KiSS or NKB. It is known that
the receptor for Dyns, i.e. the k opioid receptor (KOR),
is located in KNDy and GnRH neurons in many animal
species, including sheep (33). In studies conducted by
Lopez et al. (12), it was shown that a Dyn plays
an important role in inhibiting the release of GnRH,
which results in the inhibition of pulsatile LH secretion
in prepubertal ewe lambs. However, previous research
demonstrated that Dyn A as well as KiSS-10 and NKB
can directly stimulate gonadotropin secretion from ovine
anterior pituitary cells in vitro (26). The aim of the
present study was to determine the changes in the
concentration of KiSS-10, NKB and Dyn A in blood
plasma collected from ewe lambs during puberty in
relation to the time of the first ovulation. The experiment
included sheep coming from single and twin
pregnancies, the latter being predisposed to delayed
puberty.

Material and Methods

Experimental design. The protocol of the
experimental design and all procedures were approved
by the Local Ethics Committee for Animal
Experimentation in Lublin (Licence No. 65/2023).
Twenty-four female ewe lambs of the Polish Uhruska
breed housed at the Didactic-Experimental Station of
Sheep and Goat Breeding in Bezek were used in the
study. The first group consisted of lambs from single
pregnancies (n = 13), and the second group consisted of
lambs from twin pregnancies and thus predisposed to
delayed puberty (n = 11). Weight gain was monitored in

all sheep from birth to the age of 10 months. The study
was carried out from May to November under natural
light and in normal temperature. The animals were kept
in the indoor system from January to mid-May and from
September to December, and in the indoor-outdoor
system from mid-May to early September in conditions
that ensured freedom of movement. After weaning, the
sheep were fed once a day with complete age-
appropriate farm feed for sheep comprised of hay,
haylage and concentrate and had unlimited access to
water. The animals were kept in identical nutritional and
environmental conditions to those in a commercial herd and
their nutritional needs were met according to the French
Institut National de la Recherche Agronomique feeding
system (according to their physiological status). The
lambs lived in a common sheepfold with their mothers
from birth to weaning and were only selected for the
experiment when they reached the age of 4 months.
After being divided into the two experimental groups,
they were transferred to another flock 10 days before
blood collection began in order to adapt to the new
environment. The sheep were weighed using
an electronic scale every two weeks from birth to
10 months of age, and weight gain was recorded. From
6 to 10 months, the activity of the ewes’ ovaries was
monitored laparoscopically for the presence, number
and diameter of follicles or the presence of corpora lutea.
To determine the concentration of NKB, Dyn A and
KiSS-10 after the ewes had reached 4, 5, 6, 7, 8, 9 and
10 months of age, 8 mL of blood was collected from the
external jugular vein with the use of intravenous
cannulas every 15 min for 2 h. After the procedure, the
samples were centrifuged for 20 min at 1,000 rpm and
stored at —20°C until testing. Plasma NKB, Dyn A and
KiSS-10 concentrations were analysed by ELISA using
species-specific antibodies in a Sheep NKB ELISA Kit
and Sheep Dyn ELISA Kit (both from Sunred Biological
Technology, Shanghai, China) and a KiSS-1 (112-121)
Amide/Kisspeptinl0/Metastin  (45-54) Amide EIA
(enzyme immunoassay) Kit (Phoenix Pharmaceuticals,
Burlingame, CA, USA) (18).

Statistical analysis. The results were calculated
using Statistica 13.3 PL (TIBCO, Palo Alto, CA, USA)
and expressed as a mean and standard deviation
(x £ S.D.). Comparisons between the parameters of ewe
lambs coming from single pregnancies and those from
twin pregnancies were performed using the analysis of
variance and paired t-tests. Differences with
a probability of P < 0.05 were considered significant.
Pearson linear correlation coefficients were calculated to
assess the relationships between the analysed variables,
namely NKB, KiSS-10 and Dyn A secretion.

Results
Activity of ovaries. The singleton ewes ovulated

for the first time at 8 months of age. This was about 7-8
weeks earlier than the twin ewes, in which the first



N. Szysiak et al./] Vet Res/70 (2026) 139-147 141

ovulations were observed at 10 months of age. The first
ovulation was ascertained from the formation of the first
corpora lutea.

Changes in body weight of singleton and twin
ewes. The mean body weight of ewes coming from
single pregnancies was higher than the weight of ewes
from twin pregnancies during the whole experimental
period (Table 1). In both singletons and twins, it reached
the highest value in the 10" month. The highest
percentage difference in the mean body weight between
the groups was observed at birth, and this difference
decreased from birth to the ninth month, when it was the
lowest.

Concentration of kisspeptin-10 in blood plasma.
The KiSS-10 concentration in blood plasma was
dependent on the month of life of the ewes (Fig. 1). In
S ewes, the KiSS-10 levels increased until the eighth
month, with a significant (P-value < 0.05) rise from the
seventh month. This maximal value was significantly
higher (P-value < 0.05) than those in the period from the
fourth to seventh month. This was related to the onset of
ovarian activity in this group. In T ewes, a continuous
increase in the KiSS-10 levels was observed throughout
the experimental period. The highest mean plasma
concentration of KiSS-10 in multiple-birth ewes was
confirmed after the end of the 10" month, but this
concentration (95.8 ng/L) barely exceeded the
concentration in the singletons at the end of the 8" month
(95.28 ng/L). This correlated with the initiation of
ovarian activity, as it did for the singletons. A positive
relationship was shown between the KiSS-10
concentration and the age (r = 0.84 and
r =0.99 for S and T, respectively) of the ewes. There
was a significant (P-value < 0.05) difference in plasma
KiSS-10 concentrations between the groups after the 8™
and 10" months of life, associated with the negative
correlation noted between concentration and age for
S animals in this period (Fig. 1).

Concentration of neurokinin B in blood plasma.
As it was in the case of KiSS-10, the plasma NKB
concentration also generally trended upwards with the
month of life (Fig. 2). In the singletons, the
concentrations of this neuropeptide increased from the
fourth to eighth months. The month-eight value for this
group was significantly higher (P-value < 0.05) than the
values for the other months and was 384.19 ng/L. In the
twins, increases in the plasma level of NKB were also
observed from the fourth to ninth months, with the
maximum of 364.70 ng/L coming in the ninth month of
life. Up to the end of month eight, the NKB level was

higher in S ewe lambs than in T animals. Only in the 9%
and 10" months was an inverse relationship observed.
The times of the highest NKB concentrations in blood
plasma correlated with the initiation of ovarian activity
in both groups. A positive correlation was shown
between the changes in the plasma NKB concentration
and age for all ewes (between the fourth and eighth
months of life) (r=0.79, P < 0.05). There was a positive
relationship between the NKB concentration and the age
(r=10.60 and r = 0.87 for S and T, respectively) of the
ewes. There was a significant (P < 0.05) difference in
plasma NKB between the groups after the completion of
the eighth month of life.

Concentration of dynorphin A in blood plasma.
There was an opposite relationship between the Dyn A
concentration and ewe lamb age to that noted for
KiSS-10 and NKB (Fig. 3). The highest Dyn A
concentrations were observed in the fourth and fifth
months in both the singletons and the twins. In S group
animals, a significant decrease (P < 0.05) was observed
between the fifth and sixth month, and the lowest levels
were recorded in the seventh and eighth months of life. In
T ewes, the mean Dyn A concentration decreased much
more slowly, reaching the lowest value in the ninth month.
Contrary to the KiSS-10 and NKB concentrations, those of
Dyn A were lower in group S than in group T between the
fourth and eighth months. Only in_the 9" and 10" months
were the S Dyn A concentrations higher than the T ones,
and in the 10" month they regained their 4™- and 5"-month
levels. There was an inverse relationship between the
Dyn A concentration and the age (r =-0.26 and r =-0.97
for S and T, respectively) of the ewes. No statistically
significant differences were found between S and T
concentrations in particular months of life. There was
also no significant relationship between the changes in
the plasma Dyn A concentration in S and T with age
(r=0.30).

Relationship between KiSS-10, NKB and Dyn A
concentrations in ewes coming from single and twin
pregnancies. An overall positive correlation was found
between the changes in the KiSS-10 and NKB plasma
concentrations with age (between the 4™ and 10 months
of life) in both S and T (Table 2). However, an overall
negative correlation was shown between KiSS-10 and
Dyn A and between NKB and Dyn A over the seven
studied months in all ewes.

A graphical summary of changes in the blood
plasma concentrations of individual neuropeptides in the
singletons and the twins is presented in Figs 4 and 5.

Table 1. Mean body weight of singleton and twin Polish Uhruska ewes and differences in that weight at age points up to the 10" month

Age (months)

0 4 5 6 7 8 9 10
Mean body Singletons 5.60 +0.6 3216+46  3469+41  3526+42 3757+42  37.96+39 39.27+3.8  40.96+3.9
weight + SD (kg) Twins 470+05 2951+51 31.86+32 3311429 3597+29  36.68+3.1 38.23+27  39.15+2.6
Difference in
mean body 16.07 8.24 8.16 6.10 4.26 3.37 2.65 4.42

weight (%)
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Table 2. Pearson correlation coefficients (r) (P < 0.05) between plasma concentrations of KiSS-10, NKB and Dyn A
in singleton and twin Polish Uhruska ewes between their 4" and 10" months of life

KiSS-10 NKB Dyn A

KiSS-10 - 0.86 —0.55

Singletons NKB 0.86 - —-0.89
DynA —-0.55 —-0.89 -

KiSS-10 - 0.89 -0.98

Twins NKB 0.89 - -0.94
DynA —0.98 -0.94 -

Fig. 1. Concentration of kisspeptin-10 (KiSS-10) (ng/L) by month of life of singleton (S — n = 13) and twin
(T —n=11) ewes. The values presented in the figure are mean (+SD) concentrations in the plasma collected
monthly every 15 min for 2 h. * — statistically significant difference between S and T (P-value < 0.05); a, b,
¢, d and e — mean values in a particular month marked with different letters differ significantly
(P-value <0.05)

Fig. 2. Concentration of neurokinin B (NKB) (ng/L) by month of life of singleton (S — n = 13) and twin
(T—n=11) ewes. The values presented in the figure are mean (£SD) concentrations in plasma collected monthly
every 15 min for 2 h. * — statistically significant difference between S and T (P-value <0.05); a, b, c — mean values
in a particular month marked with different letters differ significantly (P-value <0.05)
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Fig. 3. Concentration of dynorphin A (Dyn A) (ng/L) by month of life of singleton (S — n = 13) and twin
(T —n=11) ewes. The values presented in the figure are mean (+SD) concentrations in the plasma collected
monthly every 15 min for 2 h. a, b — mean values obtained in a particular month marked with different
letters differ significantly (P-value < 0.05)

Fig. 4. Changes in plasma kisspeptin-10 (KiSS-10), neurokinin B (NKB) and dynorphin A (Dyn A)
concentrations in singleton Polish Uhruska ewes from the 4™ to 10" month of life

Fig. 5. Changes in plasma Kkisspeptin-10 (KiSS-10), neurokinin B (NKB) and dynorphin A (Dyn A)
concentrations in twin Polish Uhruska ewes from the 4" to 10" month of life
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Discussion

Puberty is a major multifactorial phenomenon that
involves neuroendocrinological changes leading to the
onset of sexual maturity in animals and humans. A key
step in initiating this process is an increase in pulsatile
secretion of GnRH and gonadotropins that promotes the
maturation of ovarian follicles, leading to elevated
oestrogen levels that initiate the GnRH and LH surge
resulting in the occurrence of the first ovulation. The
onset of puberty in sheep can be delayed by genetic and
nutritional factors, environmental conditions and
hormonal and metabolic regulation (1, 5, 24, 28). A low
birth weight is one of the factors contributing to delayed
puberty in lambs, particularly in those born from twin
pregnancies or to ewes with a high body weight (9, 22,
23). In general, ewes reach puberty once they attain
a critical body weight and a metabolic condition that
enables the hypothalamic—pituitary—gonadal (HPG) axis
to become fully functional. Any disturbance in these
processes can interfere with the normal timing of sexual
maturation and delay the onset of reproductive function.
The specific neural processes responsible for the rise in
GnRH and secretion of gonadotropins at the onset of
puberty are not fully elucidated. However, it is known
that three neuropeptides seem to play a key role in this
process: KiSS, NKB and Dyn produced by KNDy
neurons in the ARC of the hypothalamus (30) and the
anterior pituitary (27).

The study of anterior pituitary cells collected from
pubescent ewes noted their LH and FSH secretion to be
potentiated by KiSS-10 in vitro (27). This suggests the
potential role of KiSS in gonadotropin secretion not only
via mechanisms in the hypothalamus but also directly
at the pituitary level. The hypothalamic contribution has
been extensively documented. In sheep, the KISS1
gene’s expression in the ARC has been shown to
increase significantly in the period preceding the first
ovulation (21). In addition, intravenous administration
of kisspeptin to prepubertal ewe lambs increased the LH
pulse frequency, indicating its ability to activate the
reproductive axis despite the immaturity of the
neuroendocrine system (21). The importance of
kisspeptin has also been clearly confirmed in studies in
other species. Mice with knocked out KISS1 or GPR54
(the gene encoding the orphan G protein-related
membrane receptors for KiSS) did not enter puberty and
developed permanent hypogonadism (10). In humans,
mutations in the GPR54 gene cause congenital
hypogonadotropic hypogonadism, leading to delayed or
completely suppressed puberty (6). In primates such as
Macaca mulatta, KiSS-10 administration also activated
pulsatile GnRH and LH secretion, indicating that the
mechanism of action of this neuropeptide is conserved
among mammals (16). Studies conducted in juvenile
monkeys  showed that repeated intravenous
administration of KiSS-10 led to premature GnRH
secretion, which in turn initiated sexual maturation. All
these observations support the idea that KiSS-10 plays

a primary role in the regulation of the HPG axis, and its
deficiency or any disruption of the KISS1/GPR54
signalling pathway may be one of the key pathogenic
links in cases of delayed puberty (16, 19). In the present
study, we have shown that the plasma KiSS-10 levels in
ewes coming from single pregnancies increased
progressively from the fourth to the eighth months of
life, reaching the highest level in the study period in the
eighth month. In contrast, the KiSS-10 concentrations
rose in the ewes from multiple pregnancies throughout
the study. The highest plasma KiSS-10 concentration in
this group was recorded after the 10" month. These
results correlated with the initiation of ovarian activity,
which was monitored laparoscopically in both groups.
The later peak of the KiSS-10 level in the ewes coming
from twin pregnancies could be related to delayed
puberty; however, precise determination of the time and
mechanism of ovine achievement of sexual maturity will
require investigation of GnRH/LH pulses in further
research studies. As reported by Yang et al. (35), higher
average plasma Kkisspeptin levels were observed in
a group of girls with idiopathic central precocious
puberty than in a group with simple premature thelarche
and the control group. In summary, plasma KiSS levels
increase at the onset of puberty, which suggests that this
neuropeptide may serve as a marker to assess the
effectiveness of treatment for precocious puberty.
Neurokinin B can stimulate GnRH secretion via the
NK3R receptor. Studies using the NK3R agonist
senktide in prepubertal lambs have shown an increase in
LH release, confirming the functional role of NKB in
modulating GnRH activity even before sexual maturity
(14). Also, studies in adult female sheep have shown that
activation of the NK3R receptor by this agonist
stimulates LH secretion, indicating that NKB plays
an important role in the proper functioning of the HPG
axis (4). Importantly, NK3R receptors are not present on
GnRH neurons themselves but are abundantly expressed
in hypothalamic regions, such as the ARC, POA and
particularly the retrochiasmatic area. The stimulatory
effect of NKB on GnRH secretion is thus mediated
indirectly, most likely through KNDy neurons located in
the ARC. These neurons co-express KiSS and NKB,
which are essential for the generation of pulsatile GnRH
release (4). In our current study, we have demonstrated
that the plasma concentration of NKB, similarly to that
of KiSS-10, was dependent on the month of age. In the
singletons, the NKB levels gradually increased between
the fourth and eighth months of life, with the highest
concentration in the whole study period observed in the
last of these months. In the twins, comparable rises in
plasma NKB levels were noted from the fourth to the
ninth months, reaching the mean highest level during the
entire observed period in the ninth month of life. The
later highest secretion of NKB by the twins may be
associated with the delayed puberty in this group. In
addition to these hypothalamic mechanisms, NKB also
exerts direct effects at the pituitary level. In our previous
in vitro study, NKB caused an increase in KiSS-10
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secretion by anterior pituitary cells collected from
pubescent ewes (26). This suggests a potential direct role
of NKB in the secretion of KiSS-10 at the pituitary level.
We have also shown that the in vitro exposure of ovine
pituitary cells to NKB led to an increase in gonadotropin
secretion (27). Therefore, the increase in NKB observed
at the onset of puberty may be due not only to regulatory
mechanisms in the hypothalamus but also to
mechanisms related to the pituitary gland.

Available data indicate that Dyn A acts as
an inhibitor on KNDy neurons via the KOR, reducing
the frequency of GnRH pulses and, consequently,
decreasing gonadotropin secretion (15). Weems et al.
(32) provided functional evidence for the involvement
of dynorphin in the termination of the GnRH pulse in
sheep. In addition, studies conducted in prepubertal
Suffolk sheep indicated the potential role of Dyn A in
delaying puberty by inhibiting the pulsatile secretion of
LH. Central administration of norbinaltorphimine
(a KOR antagonist) increased LH secretion in
ovariectomised prepubertal Suffolk ewe lambs treated
with 17p-oestradiol, but not in the same sheep after
reaching puberty (12). Studies conducted in other animal
species showed that dynorphin inhibited pulsatile LH
secretion: in prepubertal female Wistar-Imamichi rats,
the neuropeptide delayed puberty, and chronic
intraperitoneal administration of norbinaltorphimine
resulted in an increased LH pulse frequency via
attenuation of KOR signalling in KNDy neurons in the
ARC (13). As shown by Harlow et al. (7), the number of
ARC cells expressing dynorphin mRNA was lower in
postpubertal gilts than in the prepubertal period.
However, studies conducted on Corriedale ewes showed
that the quantity of ARC cells expressing dynorphin
mMRNA was higher during the postpubertal luteal phase
(11). The results of our current study showed that the
level of Dyn A in blood plasma reached the lowest value
in the seventh month of life in ewes coming from single
pregnancies and in the ninth month of life in the case of
sheep coming from twin pregnancies and thereby
predisposed to delayed puberty. Considering the
inhibitory effect of Dyn A on the pulsatile secretion of
GnRH, which postpones the onset of puberty, the
decrease in the level in the months in which the highest
levels of KiSS-10 and NKB were observed seems to be
correlated with the onset of ovarian activity in both
groups. The highest plasma Dyn A concentrations in the
singletons and the twins was observed in the fourth and
fifth months, before the animals reached sexual maturity.
Therefore, in the present study, we observed an inverse
relationship between the Dyn A concentration and the
age of ewes, compared to KiSS-10 and NKB. Moreover,
in our previous in vitro research Szysiak et al. (27), we
demonstrated that Dyn A increased LH and FSH
secretion by anterior pituitary cells from pubescent ewe
lambs. As reported in the earlier study Szysiak et al.
(26), Dyn A had no significant effect on KiSS-10
secretion by ovine pituitary cells in vitro. This may

suggest that Dyn A stimulates gonadotropin secretion
directly at the pituitary level.

In the present study, a positive correlation was
shown between the changes in the KiSS-10 plasma
concentrations and those in the NKB concentrations
persisting from the 4" to the 10" month of life in ewes
coming from both single and twin pregnancies.
However, a negative correlation was found between the
KiSS-10 and the Dyn A concentrations and between
those of NKB and of Dyn A in the same frame of
reference. It appears that the initiation of ovarian activity
through the occurrence of the first ovulation is
associated in ewes of both birth circumstances with
concurrent positively correlated increases in KiSS-10
and NKB concentrations with age in the blood plasma,
and decreases in the Dyn A concentration. In our
previous in vitro study, a high positive correlation was
observed between the secretion of NKB and that of
KiSS-10 by anterior pituitary cells isolated from
pubescent ewes (26). Therefore, NKB modulates
KiSS-10 secretion at the pituitary level, with its impact
depending on the time of exposure and its concentration
in the culture medium (26). Although the direct effect of
NKB on in vitro KiSS-10 secretion by ovine pituitary
cells does not directly correspond to KiSS-10 levels in
blood plasma, a comparable interaction might take place
in other locations where these neuropeptides are
produced. Our previous study’s results point to Dyn A
having no significant effect on the secretion of KiSS-10
by pituitary cells in pubescent ewes (26). Therefore, the
observed inverse relationship between changes in
KiSS-10 and Dyn A plasma concentrations may have
been caused by other factors. The elucidation of the
relationship between KiSS-10, NKB and Dyn A,
especially the inverse correlation between KiSS-10 and
Dyn A and between NKB and Dyn A, requires further
research.

Conclusion

In the present study, we characterised the
relationship between KiSS-10, NKB and Dyn A in the
course of normal and delayed puberty in pubescent ewes
from the 4™ to the 10" month of life. Our findings
suggest that these neuropeptides may regulate the timing
of reproductive activity onset in sheep. Further studies
are needed to elucidate the specific roles of KiSS-10,
NKB and Dyn A in regulating the HPO axis during
sexual maturation or in the mechanisms underlying
delayed puberty in ewes.
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