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Chovani

Rizeni télesné teploty

Neuroendokrinni rizeni

Apetitivni chovani (hlad,
Zizen, sexualni chovani)

Autonomni nervovy
systém (modulace)




Cirkumventrikularni organy

CC — corpus calosum

OC — chiasma opticum

ac —commisura anterior

pC — commisura posterior
AP — area postrema

CP — choroidni plexus

ME — eminentia mediana
NH — neurohypofyza

OVLT — organum vasculosum laminae
terminalis

Pl —SiSinka

SCO — subkomisuralni organ
SFO — subfornikalni organ
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Jak je regulovana reprodukce?

e Komplexni systém pozitivnich i negativnich zpétnych vazeb
* Hypothalamus a adenohypofyza
* Limbicky systém
* Pohlavni zlazy

e Uzky vztah je strukturdm fidicim metabolismus a stresovou odpovéd’

* Klicovy vyznam kisspeptinu
* Nucleus infundibuli (arcuatus)
* Area preoptica

MU
* R v dalSich strukturach, zejména téch, které ridi emoce, sexualni chovani, L E
strach, uzkost, naladu, dale v Cichovych strukturach -
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Nervova regulace reprodukcnich funkci

Hypothalamic-Pituitary axis

Secretion of GnRH and
CRH
Secretion of Oxytocin

Contributes to altered
reproductive prioritics in
postpartum women
Through Kisspeptin, it
predicts outcome for
pubertal delay
Kisspeptin-54 triggers
ooCyte maturation

Brainstem

in women

¢ The pons play a role in
¢jaculation in men and orgasm

Cercbrum

h 4

¢  Somatosory
influence on
the genitals

¢ Insula controls
male genital
response and
visual
attention

Pineal gland

Melatonin secretion from the pineal gland

-

‘s

Inhibits onset of puberty
Improves oocyte and embryo
quahity

Extension of pregnancy duration
in women with severe
preeclampsia

Regulates sertoli cell
metabolism

Okafor IA, Okpara UD, Ibeabuchi KC. The Reproductive
Functions of the Human Brain Regions: A Systematic
Review. ] Hum Reprod Sci. 2022 Apr-Jun;15(2):102-111.
doi: 10.4103/jhrs.jhrs_18 22. Epub 2022 Jun 30. PMID:
35928473; PMCID: PM(C9345277.
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Reprodukcéni osa u plodu

* \V dobé porodu témeér
neaktivni v dusledku
negativnich zpétnych vazeb
zprostredkovanych hormony
placenty

(A) Male fetuses and infants. Serum LH, FSH, and testosterone
concentrations throughout life in male subjects. In fetal life,
placental hCG production stimulates the testosterone secretion in
male fetuses during early gestation, and hereafter the fetal
endogenous production of pituitary LH continues to stimulate the
testosterone secretion which hereafter decreases concomitantly
with FSH and LH levels towards birth. After birth LH, FSH, and
testosterone increase in minipuberty with maximal levels at 1-2
months of age, followed by a significant suppression until puberty.
(B) Female fetuses and infants. Serum LH, FSH, and estradiol
increase in female fetuses midgestation which decreases by the
end of gestation to very low levels. After birth FSH, LH, and
estradiol increase at 1-2 months of age followed by slowly
declining FSH, LH and fluctuating estradiol levels for 12-18 months.
Females have higher FSH versus LH levels at all times compared to
male fetuses and infants. LH, luteinizing hormone; FSH, follicle-
stimulating hormone; hCG, human chorionic gonadotropin.

Testosterone

AMH
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Bizzarri, C., & Cappa, M. (2020). Ontogeny of Hypothalamus-Pituitary L
Gonadal Axis and Minipuberty: An Ongoing Debate?. Frontiers in
endocrinology, 11, 187. https://doi.org/10.3389/fendo.2020.00187 F
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Postnatalni aktivace a deaktivace hypofyzy

* Po porodu do nékolika dni odstranény hormony placenty

* Ukonc€eni negativnich zpétnych vazeb

* Od 1. tydne vzestup LH a FSH

e U chlapcu vyssi LH, u divek FSH

* Nasleduje preruseni sekrece GnRH inhibice GABA, NPY, glutamat, NA)
e Pokles LH i FSH, u chlapcu rychlejsi
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Hormony placenty a jejich funkce - hCG

Induction of trophoblast invasion  Gridelet, V., Perrier d'Hauterive, S., Polese, B., Foidart, J. M., Nisolle, M., & Geenen,

Inhibition of apoptosis V. (2020). Human Chorionic Gonadotrophin: New Pleiotropic Functions for an "0lId"
Autocrine signaling Hormone  During Pregnancy. Frontiers in  immunology, 11, 343.

https://doi.org/10.3389/fimmu.2020.00343
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chorionic gonadotrophin (hCG) and hyperglycosylated hCG
(hCG-H). These two molecules act through two different MUNI
receptors, luteinizing hormone/choriogonadotropin receptor | E K A R S K A

(LHCGR) and transforming growth factor beta receptor

(TGFBR). FAKULTA



Hormony placenty a jejich funkce - hPL

* Diabetogenni a laktogenni funkce
* Minimalni prorustova aktivita
* Metabolickeé funkce
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Weeks’ gestation
https://doctorlib.info/gynecology/williams-obstetrics/5.html

PLACENTAL LACTOGEN

Fetus Mother
DNA synthesis IGF production lactation
embryonic development peripheral insulin
] resistance
pulmonary surfactant production
adrenocortical steroid production / l
I intol
IGF and insulin production FHEeSeRianes
amino agic? uptake lipolysis
ODC activity lactogenesis

glycogenesis

+ teolysi
glucose e————  glucose ZRER

amino acids - amino acids

Handwerger, S., & Freemark, M. (2000). The roles of placental growth
hormone and placental lactogen in the regulation of human fetal growth and
development. Journal of pediatric endocrinology & metabolism : JPEM, 13(4),
343-356. https://doi.org/10.1515/jpem.2000.13.4.343
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Hormony placenty a jejich funkce - hPGH

 Syncytiotrofoblasty

* Od 10. az 20. gestacniho tydne nahrazuje GH a jeho hladina narusta

* Nepulzni se
* Regulace se
e Stimulace g

Krece
crece IGF-1 u matky

ukoneogeneze a lipolyzy

* \/lyvoj a regulace funkci placenty?

* \lysoka somatogenni a nizka laktogenni aktivita

* Regulace se

krece:
* Hyperglykémie, leptin, inzulin, kortizol (-) MUNI
LEKARSKA
FAKULTA

* Hypoglykémie (+)



Postnatalni vyvoj varlat a ovarii

e Varlata
* Zmeéeny koncentrace testosteronu u kojence = zmény poctu Leydigovych bunék
Pik testosteronu po prvnim tydnu veku
Pomeérné malo volného testosteronu v cirkulaci vlivem SHBG
Testosteron odpovida za rist penisu a zmeény ve tkani prostaty

RUst velikosti varlat, postupné mirné snizeni velikosti souvisejici s poklesem
testosteronu

e Spermatogeneze béhem détstvi neni mozna (neni exprimovan AR) vlivem
Antimullerianského hormonu (AMH), ktery je produkovan v Sertoliho bunkach

 Kromé AMH produkuji SB také estrogeny

e Ovaria 0
 Kolisavé hladiny estradiolu (odpovidaji cyklickému dozravani folikul() ELE\



Zahajeni reprodukcnich funkci

* Puberta
e Reproducni zralost + rustovy spur
* Genetické (50 — 75 %) a environmentalni faktory
* Vyznam kisspeptinu
» ZvysSeni exprese KISS1
e Zvyseni senzitivity GnRH neuronu ke kisspeptinu
* Vysledkem je nastup pulzni sekrece GnRH s maximem v nocnich hodinach
* VVyznam rustového hormonu
* Pokles melatoninu

* Maturace nadledvin (adrenarche) = zvySeni produkce androgent (DHEA,
DHEAS, androstendion) — vyvoj pubického ochlupeni

* Tannerova kritéria
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Tannerova kritéria

Female
Tanner  Male genital Male genital pubic hair Pubic hair Breast appearance
stage appearance description appearance description
7 7] P
- ] f \ \ \
1 o ’ Testicular volume <3ml [/ ‘) No pubic hair \e o \ \
) \
i \_L J L\
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Fig1

Tanner stages of development. (Reproduced with permission)

https://www.paediatricpearls.co.uk/wp-content/uploads/2021/05/Pubertal-stages-and-
timings.pdf

Breast description

Elevation of papilla only

Breast bud stage

Enlargement of
breast and areola

Projection of the areola
and papilla

Recession of the areola to
the contour of the breast,
projection of papilla only

Pubic hair 5

Pubic hair 4

Pubic hair 3

Genital 4

Pubic hair 2

Genital 3

Genital 2

T T T T

Sequence of pubertal events in males. PHV, peak height velocity. |

Pubic hair 5

Menarche

Breast 4

Pubic hair 4

Pubic hair 3

Pubic hair 2

Breast 2

E
' : ' FA

Sequence of pubertal events in females. PHV, peak height vel




Zahajeni reprodukcnich funkci

What happens

When

Factors involved

Mini-puberty

Adrenarche

Thelarche (F)

Gonadarche

Pubarche

Growth spurt

Spermarche (M)

Menarche (F)

Gn and sex steroid levels rise
after nadir at birth. Facilitates
testicular descent in M and
gonadal cell populations
mature

‘Awakening of adrenal gland’
causes development of body
odour, oily skin and hair, pubic
hair (pubarche)

Onset of female breast
development, or budding
(Tanner stage 2), usually first
sign of puberty in girls
Growth of ovaries and testes
and increased sex steroid
production (true central
puberty).

Development of first pubic hair

Peak growth velocity seen in
childhood after infancy. Occurs
shortly before final height is
reached.

Development of sperm in the
testicle and first ejaculation

Onset of menstruation (Often
thought of as culmination of
pubertal development in F)

2—3 months of age

Usually begins at 6—8 years of
age and is independent of true
central puberty- usually
precedes gonadarche by
approx. 2 years

Usually occurs after 8 years of
age (mean 10—11, range 8—13
years)

Testicular enlargement in M
usually signals pubertal
development.

Ovarian growth can't be
directly seen but usually
coincides with thelarche

First pubic hair occurs at
adrenarche (can be transient)
and then again at Tanner stage
3. In F usually 6 m after
thelarche.

Usually occurs at Tanner stage 2
in Fand 3—4 in M.

Always occurs before menarche
in F.

Usually coincides with
development of secondary
sexual characteristics in mid-
puberty

Usually occurs 2 years after
thelarche and soon after growth
spurt

T levels in M reach mid-pubertal
levels. Oestradiol levels similar in M
and F.

Production of androgens by adrenal
cortex including DHEA, DHEAS and
androstenedione

Rising oestrogen levels

Activation of gonads by LH and FSH
to increase T and oestrogen levels

Rising levels of androgens (during
adrenarche)and sex steroids during
central puberty

Multiple hormones involved. Rising
Oestrogen levels cause GH secretion
and act directly at GP. Occurs later

in M as T needed in higher conc to
convert to oestradiol via aromatase
Increased T levels from Leydig cells
and nocturnal LH surge

Oestrogen stimulated growth of
uterus and vascularity of
endometrium, leading to sloughing
of part of the lining. Most menstrual
cycles are initially anovulatory.

LH
secretion
patterns Childhood Puberty Reproductive Menopause
years
Fetus Infancy FSH
Plasma 100 —
gonadotropins monthly surges i
(mU/mL) N o
70 LH
10
/@/6})0’@.0'6)/.7 6 mo 10-14 yr 50 yr
\_V_J
Trimesters

https://quizlet.com/272625468/the-menstrual-cycle-physio-and-histo-flash-
cards/
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Puberta — divky X chlapci

* Divky
* Kritické mnozstvi tukové tkané (leptin — 17 % télesného tuku) pro aktivaci
reprodukéni a rustové osy
Rychly linearni rust Tanner 2 (6-12 mésicu pred menarche)
Primérny vék menarche 12,4 roku
Prvni 2-3 roky nepravidelny prubéh menstruace
Pravidelna ovulace do 5 let po menarche

* Chlapci

* Nejprve intenzivni rust varlat a mnozeni spermatogonii
Rychlé zvySovani produkce testosteronu (Leydigovy bunky)
Rychly linearni rGst Tanner 4

Koncentrace testosteronu koreluje s rustem genitalu a pubického ochlupe
2-4 roky
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Regulace reprodukce v reprodukcnim veku

* Nucleus arcuatus
» Kisspeptin, neurokinin B a dynorfin (KNDy neurony)
* Lokalni interakce = pulzni sekrece GnRH
* Negativni zpétna vazba mezi estrogeny a KISS1 neurony v nucleus arcuatus

* Pozitivni zpétna vazba mezi estrogeny a KISS1 neurony v nucleus preopticus

* Pozitivni zpétna vazba — ovulace (FSH)
* Negativni zpétna vazba — selekce dominantniho folikulu )FSH)

e Pulzy GnRH
* 1/90 min, ke konci folikularni faze 1/60 min, béhem lutedlni 1/6-8 hodin

* LH, FSH
* U Zen LH v zavislosti na fazi menstruaéniho cyklu “ﬂg E /{ -
* U muzu je FSH fizeno zpétnevazebné a systémem aktivin-inhibin-folistating , ¢ ;| 74



Reprodukce a dalsi endokrinni osy

* GH, IGF-1

 Zeny
* Folikulogeneze spolu s FSH
* Proliferace a diferenciace granuldzovych a tekalnich bunék
e Zvyseni exprese R pro LH

* Muzi
* GH exprimovan ve varlatech — lokalni efekt
* Ve varlatech zejména IGF — stimulace sekrece testosteronu, vyvoj a funkce?

* Leptin
« Stimulace sekrece GnRH, primy efekt na gonadotropni bunky (LH/FSH)

* Melatonin
e Epifyza, R v lutealnich bunkach a bunkach membrana granulosa
* Regulace exprese progesteronu
e Zvyseni kontraktility myometria
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Reprodukce a dalsi endokrinni osy

Pituitary A
gland /‘" (
k» GH > 1GFs
N Follicle development GH
GH [ N Antral fluid ]

GH/IGF ——>

4

M Androgens

N\ | 1 Proliferation
Theca \\/ | 1 GAP junctions

cells

N LHR o\
N FSHR

N cAMP/PKA

N Proliferation

/N Steroidogenesis ),

Q’anulosa cells /

; MEstradiol
Recrmtmen [’]‘ Proliferation

S LR
Vo '@ )

x w ‘. .
G

Primary follicle

e "7

Preantralfolllcle /\)

PI3K/IAE |
_, 4

- ' 4 -

A.boptc;sié Antral follicle

; Q Primordial follicle W)

Ipsa, E., Cruzat, V. F., Kagize, J. N., Yovich, J. L., & Keane, K. N. (2019).
Growth Hormone and Insulin-Like Growth Factor Action in
Reproductive Tissues. Frontiers in endocrinology, 10, 777.
https://doi.org/10.3389/fend0.2019.00777

A summary of the major actions of GH and IGF in ovarian
physiology. Both have been demonstrated to promote
steroidogenesis in granulosa and theca cells through
alterations in metabolizing enzymes. GH/IGF have also
been reported to synergistically work with gonadotropins
to alter steroidogenesis and this is possibly mediated by
changes in the gonadotropic receptors. Finally, through
intracellular signaling pathways (JAK/STAT and PI3/AK), GH
and IGF may promote follicle selection and survival by
decreasing follicular atresia.
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Reprodukce a dalsi endokrinni osy
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Seminiferous tubule

Role of growth hormone (GH) in testicular function.
Steroidogenesis in Leydig cells and gametogenesis in
seminiferous tubules are regulated primarily by LH and FSH,
respectively. However, pituitary GH (black circles) and
testicular GH (red circles) bind Leydig cell GH receptors (GHRs),
activate second messenger systems, and stimulate (+) the
activity of several steroidogenic enzymes directly and by
increasing LH receptor abundance. Pituitary or gonadal GH
similarly alters gametogenesis in the seminiferous tubules by
binding GHRs on Sertoli cells. Gametogenesis occurs between
Sertoli cells, and GH stimulates the conversion of
spermatogonia into spermatocytes (1), spermatocytes into
spermatids (2), and spermatids into motile spermatozoa (3).
Endocrine GH from the pituitary glands may be involved in the
'strategic'’ maintenance of male reproduction, whereas
testicular GH may be involved in 'emergency’ modulation of
testicular function.

Hull, K. L., & Harvey, S. (2000). Growth
hormone: a reproductive endocrine-
paracrine  regulator?. Reviews of
reproduction, 5(3), 175-182.
https://doi.org/10.1530/ror.0.0050175
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Brown, E. D. L., Obeng-Gyasi, B., Hall, J. E., &
Shekhar, S. (2023). The Thyroid Hormone Axis
and Female Reproduction. International

Reprodukce a dalsi endokrinni oSy umer o mer e, ‘s

https://doi.org/10.3390/ijms24129815
» GnRH d 4 GnlH

¥ Hypothalamic Insulin Signaling
Hypothalamus
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e Opioidy
e Centralni regulace
reprodukcnich funkci

* Tlumeni pulzatilni sekrece \
GnRH (zejména beta-endorfin
(zej ) 5 \ \
TSH

- 4 TRH Receptor Expression
Pituitary

4 SHBG

4 Endometrial Thickness T3, Ty

() T R H _TS H _T3/4 Hypothalamus \ s Exdomta 4 Uterine Contractions

ic R
p, / Proliferation 4 Estrogenic Response
\ &’ 4 Endometrial Decidualization .‘
4 y

Uterus/ ¥ Endometrial Shedding

e Zejména zvyseni produkce /
S H BG ry Endomet:lum Thyroid

4 Ovarian Volume

Y 4 Cyst Development
4 Granulosa Cell Proliferation

* Endokanabinoidy
* Omezeni aktivity GnRH Bt
sekretujicich neuront

° VyVOj a zrani ova ria|n|Ch fOIikUIU Effects of Thyroid Hormones on Reproductive Physiology.. Interactions betwee.n TRH,
TSH, T3, and T4 and organ systems relevant to reproduction are sl-mavrﬂﬂlliwgmde key

[ Na’stu Ovu|ace effects of each hormone on these systems. Annotation: solid represent
p stimulatory effects, dashed arrows represent minor/weak effectsJ_aEdNolAcR a.OVerg

represent inhibitory effects. FAKULTA

f Trophoblast Proliferation
o2 4 Trophoblast Implantation

Placenta



Klimakterium - menopauza

* Ukonceni ovarialni cyklické ¢innosti a menstruace v dlsledku fyziologického ovarialniho selhani
* Primérné v 51 letech

« Zasoby oocytu — rekrutovani folikull, nejprve pravidelné ,poté nepravidelné, soucasné zdnik nerostoucich
folikulG atrezii — kritické sniZeni ovarialni rezervy vede k menopauze

* Pokles produkce estradiolu a inhibinu B, mizi ovulace a menstruace
e Ztrata negativni zpétné vazby — zvySena produkce GnRH, LH a FSH

* Spolu se zménami v tvorbé neurotransmiterd v hypothalamu nastavaji vazomotorické symptomy, zména
termoregulace (projekce KNDy do preoptické termoregulacni oblasti) a poruchy spanku

* Poskozeni GABAergnich, opioidovych a neurosteroidnich transmitert — poruchy nalad, kognitivnich
funkci, depresivni syndrom

* Nastup sexualni dysfunkce (pokles steroidi obecné)

* Biochemické zmény — menopauzalni metabolicky syndrom
e Zmény v lipidogramu, hyperinzulinémie, zvySena glukoneogeneze
e Pokles GH a IGF-1 — ztrata svalové hmoty, zvyseni kostni resorpce
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Reprodukcni stari u muzu

 Testikularni funkce pretrvavaji do pozdniho veku

* Pokles koncentrace testosteronu jiz po 40. roce veku

* Pokles volného testoronu 2-3 % rocné po 30. roce veku
* Snizeni produkce DT, AMH a estradiolu

e Ubyvani Leydigovych bunék a jejich snizena schopnost reagovat na LH
produkci testosteronu

 Snizeni kvality spermii, jejich mnozstvi (ale ne snizeni fertility)
e Zvyseneé riziko déti s vrozenymi vadami

* Vaskularni zmeény - ateroskleroza
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Sex, emoce a reprodukcni funkce

* Pozitivni asociace mezi libidem a objemem amygdaly (vzruseni)

 Klicova role kisspeptinu
e Zvyseni aktivity a paralimbickych a limbickych oblastech
* Integrace serotoninovych, noradrenalinovych a dopaminovych drah
* Rizeni sexualniho chovani a integrace s reprodukci
e Systém odmenovani ze sexualniho vzruseni
* Pocit bezpedi, snizeni Uzkosti a strachu

* GnRH

e Vztah k reprodukénim emocim
 Blokujici efekt na CRH
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Sex, emoce a reprodukcni funkce

* Testosteron
 Sblizeni s preferovanym pohlavim, sebeprezentace, atraktivita maskulinnich
znaku
* Estrogeny
* VWyhledavani socialnich signalu maskulinity
* Preference pro pachy specifické pro muze
* Oxytocin
e Socialni a sexualni chovani
e Sexualni vzruseni a souloz = zvysené hladiny oxytocinu
* DUvéra
* ADH

* Dosahnuti prilezitosti k pohlavnimu styku
 \/ysSSi pocit sounalezitosti a mensi pocet partnerskych konfliktd
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Osa dopamin-prolaktin
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Dopamin (PIH, prolactin-inhibiting hormone)

Charakteristika
- Tuberoinfundibularni dopaminergni neurony (TIDA)
- D2 dopaminové receptory

Hypothalamo-hypofyzarni osa
- Inhibice sekrece PRL (D2R) — laktotropni buriky
- | Laktotropy s vysokou kontinualni produkci PRL

Dalsi funkce a mista tvorby

- Cévy —vazodilatace (fyziologické koncentrace)
- Ledviny — sekrece sodiku

- Endokrinni pankreas — snizeni sekrece inzulinu
- GIT = snizeni motility

- Vliv D na imunitni systém

Klinicky vyznam

- Farmaka a vliv na sekreci dopaminu a PRL

- Kardialni Sok

- Neurodegenerativni onemocnéni (Parkinson)
- Antipsychotika (antag.)

PROLACTIN-RELEASING faktory (PRF)

TRH, oxytocin, VIP

Za specifickych podminek ADH, ATII,
NPY, galanin, substance P, GRP,
neurotensin

prolactin-releasing peptide (PrRP) -
stres, sytost (jiné ¢asti CNS)

PRF maji fyziologicky vyznam pouze pri
urcitych situacich nebo stavech

Vyznamny zpétnovazebny
mechanismus
- Cirkadidanni rytmicita (maximum
ranni hodiny)
- Drdazdéni bradavek (1-3 min, pik 10
— 20 min) MUNI

LEKARSKA
FAKULTA



Prolactin-releasing faktory

Stress/suckling

Hypothalamus:

Fideleff HL, Boquete HR,
Suarez MG, Azaretzky M.
Prolactinoma in children and
adolescents. Horm Res.
2009;72(4):197-205. doi:
10.1159/000236081. Epub
2009 Sep 29. PMID: 19786791.
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Prolaktin - PRL

* DA

Hypofyzarni prolaktin release

- Laktotropni bb. (pouze PRL) a somatomamotropni bb. (PRL a GH)

- Vyznam hyperplazie - téhotenstvi a laktace

- Polypeptid cirkulujici ve tfrech formach (mono-, di-, polymerni)

- Monomerni PRL s nejvyssi biologickou aktivitou

-  PRLR —mlécna zI., adenohypofyza, nadledviny, jatra, prostata, vajecniky,
varlata, tenké strevo, plice, myokard, SNS, lymfocyty

Extrahypofyzarni prolaktin

- CNS, mamarni tkan, prostata, placenta, imunitni systém

- Bez regula¢niho vlivu dopaminu

- Prolaktinoergni neurony v CNS — fidi sekreci dopaminu

Regulace sekrece

- Pulzni sekrece — 4 — 14 pulz(i/den

- Nejvyssi hladiny béhem spanku (REM, nonREM)

- NejnizSi mezi 10:00 a 12:00

- Pokles sekrece s vékem

- endothelin-1, TGF-B1, kalcitonin, histamin (-)

- FGF, EGF (+)

- TRH, estrogeny, VIP, serotonin, GHRH ve vyssich koncentracich (+)

- Stres, Uzkost, drazdéni bradavek i hrudi, hypoglykémie, hypertermie,
orgasmus (stimulace)

Hypothalamus

' Dopamine -| | [+ TRH, AVP, OT|

4
D2 GPCR|  Pituitary
\\‘T'/

Prolactin

| Sucking|

Breast differentiation

Duct proliferation & branching
Glandular tissue developmem_u_m_l

| Milk protein & lactogenic enzyme s&nE\e}éiA RS KA
FAKULTA




Prolaktin v cirkulaci a jeho funkce

Cirkulace v rliznych podobdach (monomer az polymer) a
formach (glykosylovany, neglykosylovany, fosforylovany,
nefosforylovany)

Produkce materského mléka behem téhotenstvi a laktace
Stimulace materského chovani

Vyvoj mlécné zZlazy a laktace (PRL cirkulujici i tvoreny
lokalné)

Puberta — vyvoj mlécné zlazy diky GH a IGF-1

Vliv estrogenl a progesteronu

Béhem téhotenstvi proliferace alveol( a tvorba
proteind materského mléka a kolostra

Béhem tretiho trimestru — tvorba kolostra (PRL,
estrogeny, progesteron, GH, IGF-1, hormony placenty)
Laktace — vzestup PRL po porodu, bez kojeni pokles po
cca 7 dnech

Akumulace materského mléka brzdi jeho dalsi tvorbu
Vyznam OT

Adaptace na zivotni prostredi

Stimulace imunitnich déju (stres) — antagonismus ke

kortizolu
Anxiolyticky ucinek (kojici zeny)

Regenerace mozkovych bunék
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Osa GnRH/GnlIH-LH/FSH-gonady
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Gonadoliberin (GnRH)

Charakteristika
- Specificky plvod GnRH neuront mimo CNS o 10 el 1 anRn tenRHpusenr |
- Hypothalamicky generator GnRH pulzl (vnitfni aktivita bunék tvoficich

GnRH) 40 \/\/‘v\ﬁ

- Vyznamny ve fetalnim vyvoiji -l
20 ‘ f

- Po narozeni utlum (gonadostat)
-V puberté desinhibice gonadostatu
- Pulzy nejprve ve spanku, poté béhem celého dne 10 0P pocody|
- U muzli -3 hod [
1 | | | | | | | | | | | |

- Zeny 20 15 10 5 0 5 10 15 20 25 30 35 40
- Folikularni faze — 1x za 1 az 2 hodiny, nizsi amplituda Days
- Lutealni faze — 1x za 2 az 6 hodin, vyssi amplituda Klinicky vjznam
- Vyznam up a down regulace receptorl pro GnRH - Kontinualné podavana analoga GnRH —
- Velmi kratky polocas v cirkulaci (cca 15 min) e e e B

nadorud reprodukéniho systému

— 400

— 300

— 200

LH (ng/mL) e—e
FSH (ng/mL) o—o

i

Q.

\)\‘1

— 100

A
R, P00 ©

Dalsi funkce a mista tvorby - Lécéba predcasné puberty (leuprorelin —
- CNS — neurotransmiter (preopticka oblast) agonista!)

-  Placenta } - Neznama funkce M U N I

- Gc}mady, " | LEKARSKA
- NAadorova tkan (prostata, endometrium) FAKULTA



Gonadoliberin — regulace sekrece

Regulace sekrece
- Vstupy z ruznych oblasti CNS (mozkovy kmen, limbicky systém)

Prevazujici inhibi¢ni efekt pohlavnich hormont s vyjimkou estradiolu (negativni-pozitivni zpétna

vazba)

Estrogeny — aplituda pulzl
Progesteron — frekvence

(+) leptin, IGF-1, NA, neuropeptid Y, PGE2
(-) GABAergni neurony, PRL

Vyznam kisspeptinu

V CNS i mimo CNS
,otevira“ nastup puberty a reprodukcni schopnosti
Stimulace tvorby steroidu (gonady)

Stres rGzného puvodu

Akutni — poruseni MC bez vlivu na fertilitu
Chronicky — naruseni fertility, snizeni hladiny cirkulujicich pohlavnich hormont
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Gonadoliberin — KNDy neurony a kisspeptin

 KNDy neurony jsou neurony produkujici:
* Kisspeptin
* Neurokinin B (NKB) — stimulacni vzhledem ke kisspeptinu
* Dynorfin — inhibiéni vzhledem ke kisspeptinu

* Nucleus arcuatus, area preoptica
* Klicové pro frekvenci a amplitudu pulzt gonadoliberinu

* Dalsi vyznam: sekrece prolaktinu, nastup puberty, stres a reprodukcni
funkce
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Kisspeptin — vyznam pro reprodukci

» Objev 2003

* Regulace sekrece gonadoliberinu a soucasné na KNDy receptory pro:
* ADH, oxytocin, prolaktin, leptin, ghrelin, POMC, GABA, neuropeptid Y, glutamat,
NO, neurokinin B, dynorfin, dopamin
e Sexualni dimorfismus

* Rozdilnd hustota neuront (axonu) v nucleus arcuatus a ventralni periventrikularni
zoneé (vice zeny), u zZen i v rostralni periventrikularné zoné

* Kisspeptin a metabolismus

* ARC

 POMC/CART neurony (anorexigenni) a AgRP/NPY (orexigenni) neurony zapojené
do regulace télesné hmotnosti a prijmu potravy

* Exprese receptoru pro leptin a inzulin muntp
. LEKARSKA
KNDy neurony CAKULTA



Gonadoliberin — KNDy neurony a kisspeptin

Endocrine and neuroendocrine control of
GnRH neurons

Positive
feedback

DOPA

_\(

[ Serotonin ]

LOW levels

Estrogens """:‘ ARC

AVPV r’

KNDy

HIGH levels
Estrogens

—P

Negative
feedback

Schematic representation of the
neuroendocrine connections that act
on and modulate the function of
kisspeptin neurons. Kisspeptin
neurons have specific sensitivities to
numerous hormones and steroids
according to their location in the
anteroventral periventricular nucleus
(AVPV) or arcuate nucleus (ARC).
KNDy neurons also release both
dynorphin and neurokinin B, which
exert inhibitory and stimulatory
effects respectively on  GnRH-
secreting neurons.

Genazzani AD et al. Kisspeptin in
female reproduction: from
physiology to pathophysiology.
Gynecological and Reproductive
Endocrinology and Metabolism
2021; 2(3):148-155

MUNT
LEKAR
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Gonadoliberin — regulace pulzni sekrece

I ™

Pulse onset: - . Ss Pulse termination: 2 . e
NKB and Kisspeptin : 2

Dynorphin

Proposed model for the control of KNDy neuron activity to drive episodic GnRH/LH secretion. Each GnRH pulse is initiated by NKB
(green) acting upon reciprocally-connected KNDy neurons to stimulate kisspeptin (blue) release. Kisspeptin drives GnRH (gray)
secretion and activates unidentified GPR54/Kiss1R containing ARC neurons (orange) that reinforces the stimulatory actions of NKB
on KNDy neurons. GnRH release is then terminated by the release of dynorphin (red) from KNDy neurons acting directly on KNDy
neurons, GnRH neurons, and/or unidentified KOR-containing neurons. The color in each terminal indicates the biologically active
transmitter (potentially due to selective expression of postsynaptic receptor) and does not reflect selective transport of that
peptide to the terminal. Dashed oval represents the ARC. RDyn, KOR; RKp, GPR54/Kiss1R; RNKB, NK3R.

Moore AM, Coolen LM, Porter DT,
Goodman RL, Lehman MN. KNDy
Cells Revisited. Endocrinology.
2018 Sep 1;159(9):3219-3234.
doi: 10.1210/en.2018-00389.
PMID: 30010844, PMCID:
PMC6098225.
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Kisspeptin, inzulin, leptin a ghrelin

Arcuate

Preoptic Areal POMC nucleus
Hypothalamus (+)

+
(+) ()

AgRP
GnRH (+) ()
' Kisspeptin
¥..
| (#) ", Premammillary
" e leus
(+) nuc

ME GnRH

,//’_-\\‘\
Pituitary Gonadotrope)

e

LH

?

Leptin

Leptin a inzulin: stimulace POMC/CART neuronut a inhibice AgRP/NPY neuront. Ghrelin: opacné.

Model for pathways mediating the nutritional regulation
of GnRH release during pubertal development. Signals of
nutrient sufficiency such as hormones (e.g., leptin) and
metabolites are perceived by metabolic-sensing neurons
in the hypothalamus (e.g., NPY/AgRP and POMC neurons)
that project directly to GnRH neuron soma and dendrites,
and/or terminals in the median eminence (ME; not
represented). NPY/AgRP and POMC neurons may also
regulate GnRH neurons indirectly via kisspeptin neurons.
Neurons in the premammillary nucleus could also
represent a leptin-sensitive pathway for regulation of
GnRH neurons during pubertal transition, but neuronal
phenotype and hypothetical projections (green dashed
lines) are yet to be characterized. Direct action of leptin
on kisspeptin neurons (black dashed line) is unlikely to
represent a major pathway. Accelerated growth and
adiposity during the juvenile period hastens the
peripubertal activation of GnRH neurons by reducing
inhibitory signals (e.g., NPY) and enhancing stimulatory
signals (e.g., kisspeptin, POMC-derived peptides), and
leads to increased frequency of episodic release of GnRH
and early onset of puberty. MUNT
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Kisspeptin shrnuti

Sex-Steroids \
Estrogen, Progesterone

and Testosterone

y=a
—
—
—
Inflammation >

E.g. Acute and chronic
iliness

Stress
E.g. Environment, cortisol,
hypoglycaemia

)

Drugs
E.g. Opioids, drugs
stimulating prolactin
secretion

[

Metabolism
E.g. Energy/leptin
deficiency, hyperglycaemia,

[

Dynorphin

KNDy Neuron
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Kisspeptins

/

GnRH Neuron

Marques P, Skorupskaite K,
Rozario KS, et al. Physiology of

\ GnRH and Gonadotropin
Gonadogg!"ﬂnhibmv GnRH Secretion: [Updated 2022 Jan
Hormone (RFRP3) / Pituitary 5]. In: Feingold KR, Anaw:fllt B,
- Blackman MR, et al., editors.
o o= Endotext [Internet]. South
Sex-Steroids \ _ | * Dartmouth (MA): MDText.com,
EStroge"&Tesmsmmne/ - ) N Inc.; 2000-. Available from:
https://www.ncbi.nIlm.nih.gov/

LH FSH

books/NBK279070/

Inherited genotype

Postnatal environment

Prenatal environment

v

. [ KISSIR
Epigenotype (2 LEPR
@ GHSR
E NK3R
Signals energy abundance [£ KOR
Leptin @ ° @] Unknown
°°®® neurons
Signals energy insufficency
°62 Ghrelin ©)
Preoptic area* ) 0@
03
Infundibular

nucleust

Kisspeptin
\  neurons

Oestradiol

A .
GnRH -~ Qestradiol
; Testosterone
Anterior 2 i
nte e Qestradiol
pituitary ? ‘f @ Testosterone
FSH @ o LH

OE>

Gonadal
steroids

Reinehr T, Roth CL. Is there a causal
relationship between obesity and
puberty? Lancet Child Adolesc
Health. 2019 Jan;3(1):44-54. doi:
10.1016/52352-4642(18)30306-7.

Epub 2018 Nov 14. PMID: 30446301.
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Gonadostatin

Charakteristika
Objeven az v roce 2000
Dorzomedialni jadro hypothalamu
Projekce do eminentia mediana
Vazba na GnlH receptor
- Hypothalamus, adenohypofyza, ovaria
Rozdilna sekrece v pribéhu ovaridlniho cyklu

Funkce

- Regulace reprodukéni osy véetné nastupu puberty
- Regulace reprodukcniho chovani

- Regulace nékterych funkci CNS (syntéza
neurotransmiteru)

Internal Factors

Hypothalamus

N

/ Dopamine

Oxytocin
POMC

Neuropeptide Y

Orexin
MCH
CRH

J/

R$KA
TA



Gonadoliberin X Gonadostatin

Stress

GnRH-I neuron GnlH neu
GnlH-R ERa

Kiss neuron

E2

melatonin

rons
Mel-R

Reproductive
behavior

/ GnRH-Il neurons \

dopamine neurons
POMC neurons
neuropeptide Y neurons
orexin neurons
MCH neurons

CRH neurons
\ oxytocin neurons

Gonadotropes

Schematic model of GnlH (RFRP) action in the brain and pituitary.
GnIH (RFRP) neurons in the brain project their axons to GnRH-I
neurons as well as to the median eminence (ME). GnlH receptor
(GnlH-R; GPR147) is expressed on GnRH-I neurons as well as
gonadotropes. GnlH may thus inhibit gonadotropin synthesis and
release by inhibiting the activity of GnRH-I neurons as well as
directly inhibiting the pituitary gonadotrope. GnlH (RFRP) neurons
may also regulate GnRH-I neurons by regulating the activity of
kisspeptin (Kiss) neurons that project to GnRH-I neurons. There are
also reports showing that GnlH (RFRP) neurons project their axons
to GnRH-II, dopamine, pro-opiomelanocortin (POMC), neuropeptide
Y, orexin, melanin-concentrating hormone (MCH), corticotrophin-
releasing hormone (CRH) and oxytocin neurons in the brain. GnIH
(RFRP) inhibits reproductive behaviors of birds and mammals by
possibly acting within the brain. The expression of GnlH (RFRP) is
regulated by melatonin, stress, and estradiol-17p (E2). Expressions
of melatonin receptor (Mel-R), glucocorticoid receptor (GC-R), or
estrogen receptor a (ERa) in GnlH (RFRP) neurons were shown in
several species. These mechanisms of action of GnlH (RFRP) on
gonadotropin secretion or regulatory mechanism of GnlH (RFRP)
expression may vary between species, sexes, and developmental
stages.

Ubuka T, Son YL, Tobari Y, Tsutsui K. Gonadotropin-inhibitory
hormone action in the brain and pituitary. Front Endom |U>IN
(Lausanne). 2012 Nov 28;3:148.

10.3389/fend0.2012.00148. PMID: 23233850; PIJAC% |
PMC3515997. F A |



Gonadotropiny - FSH a LH

Charakteristika
- Glykoproteiny, soucasna i oddélena tvorba v bunkach AH
- Strukturdlini blizkost s hCG (placenta)

Anterior pituitary
Activin/
Follistatin 1
E,/P/T
LH/FSH
Inhibin
Y
Gonad
~——— Stimulatory —— Inhibitoryj\]I U 1 "
LEKARS
FAKULT
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Funkce FSH a LH

ZENY Klinicky vyznam
- FSH - Moizné deficience gonadotropin(
- Rist a vyvoj ovaridlnich folikuld od détstvi az do pohlavni - Hypogonadotropni hypogonadismus

dospelosti - Kallmann(iv syndrom

- Bi té tradiol "
FEUIISEE ERCERIEIE . o e - Syndrom Prader-Willi
- Regulace syntézy inhibinu béhem folikularni faze L
- Reprodukcni dysfunkce

- Upregulace LH receptort (preovulatorni folikuly)
- Vybér dominantniho folikulu
- Nabor dalsich folikul pro nasledujici cyklus

- Ovaridlni steroidogeneze (theca interna — progesteron -
androgeny)

- Procesy vedouci k k ovulaci a udrzeni funkce zlutého téliska

- Ruptura ovulatorniho folikulu, ovulace

- Konverze stény folikulu na corpus luteum
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Aktiviny a inhibiny

Inhibiny
— dimerni peptidy (o + 1 nebo dvé 3, nebo 3;)
— cirkulujici hormony produkované gonadami
— inhibin A — dominantni folikul, corpus luteum
— inhibin B — testes, lutealni a ¢asna folikularni faze MC

Aktiviny
— dimerni peptidy — dimery 3 podjednotek
— stimulace FSH
— autokrinni/parakrinni faktory
— dalsi tkané — rist a diferenciace tkani

Folistatin
— monomerni polypeptid
— inhibice FSH

,doplnkova® regulace sekrece FSH a LH
- aktiviny = regulace transkripce, follistatin a inhibiny = inhibice
aktivini vazbou na prislusny receptor pro aktivin

Activin A Inhibin
Activin B Inhibin
Activin AB

X

©,

-R-Smad

A
:
B Activin target gene
C ® Phosphorylation

Key

B Inhibin «-subunit

[ Inhibin B-subunit

[ Activin type | receptor

[l Activin type Il receptor

[0 TGFBR3

0O Receptor-regulated Smad
B Common Smad

[ DNA binding partner

Cytoplasm

©,

-R-Smn(i Smad 4

S GEITR Sa 4

Nucleus
DNA-binding partner

-

.

i Y,
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Aktiviny a inhibiny - Zeny

. presumed changes in expression in
I _____ . . . . .
Activin R granulosa cells of inhibin, activin and

—————— | follistatin at different stages of
Fomstatm_alnlln_ i follicle development to their putative
! regulatory  functions at the

------ . intraovarian and peripheral level.

Through its activin-binding capacity,
follistatin ~ can  neutralize the
biological activity of activin. Note
that expression of inhibin A and
follistatin is maintained in primate
corpus luteum, but declines after
ovulation in other species. Asterisks

indicate roles restricted to primate

species.
Primordial Primary Secondary Tertiary Corpus

follicle follicle follicle follicle luteum Knight, P. G., & Glister, C. (2001).
Potential local regulatory

Activin T Granulosa cell T FSH receptor expression T Granulosa cell LH receptors | LH/hCG induced* functions of inhibins, activins and
proliferation T FSH-induced aromatase T Oestrogen production by steroidogenesis follistatin in the ovary.

1 Follicle atresia? l LH-induced androgen granulosa T Cell proliferation* Reproduction (Cambridge,

. production by theca * Premature luteinization e 121(4) 503-512

Follicle atresia Oocyte maturation ! ’ i

Y https://doi.org/10.1530/rep.0.12
Inhibin ? ? T LH-induced androgen T LH/hCG induced 10503 MUNI

production by theca steroidogenesis*

A

| Pituitary FSH secretion | Pituitary FSH secretion L E KA R
UL

S K
FAKULTA



