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1. Physiology of
Mammals

1.1 Introduction
Two regulatory systems govern
reproductive process in mammals.
The endocrine system and the nervous
system each has a specific role, and a
subtle interplay between the two is
essential for the cascade of events that
results in the birth and successful rearing
of healthy offspring.

This first chapter will provide some basic
theory about the way in which the
reproductive processes function, using a
brief glimpse of what happens in the cow
to illustrate the relationships between the
different parts of the process.

Reproduction in

the

More detailed information about the
reproductive cycle in cattle and other
animals can be found in the chapters on
the various species.

Short sections at the end of this chapter
discuss the endocrine process in the male,
and some aspects of seasonality.

1.2 Nervous system, hormone system and
cell messengers

Nervous system: Stimuli from the
environment are received by the senses
and transmitted to the brain.

With respect to reproduction, examples of
sensory input from the environment
include information received via the eyes
(light, other animals of the same species),
the nose (sexually significant odours), and
touch (proximity of other animals), and the
optic, olfactory and sensory nerves
transmit the messages to the brain.

The brain translates the information and,
as necessary, reacts by sending impulses
along nerve fibres to a target organ.
Hormone system:

A hormone can be defined as a chemical
substance, produced in a gland or tissue in
the body, which evokes a specific reaction
in hormone-sensitive tissue.

The hormone system exerts its influence
by means of these chemical messengers.

It is regulated by a complex of feedback
loops, and impulses from the nervous

1. ®uznonorust pa3MHOKEHUS MIICKOTMUTAIOIIUX

1.1 BBenenue

JIBe  pEryJsITOpHBIE  CHCTEMBl  OOYCIIaBIHBAIOT
PENpPOAYKTUBHBIN IIPOLECC Y MIIEKOIUTAIONIHX.
OHJOKpUHHAs CUCTEMa M HEpPBHAs CHUCTEMA WIPAIOT
0co0yt0 pojib B PENPOILYKTUBHOM IIPOLIECCE, U TOHKOE
B3aUMOJCICTBUE MEXIy HHUMH HMMEET Ba)KHOE
3HaYEHUE Uil IOCIIEHNOBATEIbHOCTU  SIBICHHH,
KOTOpbIE MPUBOAST K TOSBIECHUIO U YCIEIIHOMY
Pa3BUTHIO 3J0POBOT0 IIOTOMCTBA.

B nanHoii rimaBe Oyner paccMoTpeHa 6a3oBasi TEOPHsI O
TOM, KaKuM obpazom (YHKLHOHUPYIOT
pPENpPOAYKTUBHBIE IIPOLIECCHl, TAKKE IPEACTABIEHO
KpaTKO€ OIIUCaHus TOro, 4YTO IPOUCXOOUT B
OpraHu3Me€ KOpPOBBbI, 4YTOOBI IPOUJUIIOCTPUPOBATH
B3aMMOCBSA3b  MEXJAY  Pa3IMYHbIMM  CTYIEHSMU
JTAaHHOT'O ITpolecca.

bonee nonpobHy0 MHOPMAIMIO O PENPOSYKTHBHOM
LUKJIE KPYITHOI'O POraToro CKOTa M JIPYruX >KMUBOTHBIX
MO)KHO HalTWM B TIJlaBaxX, INOCBSLICHHBIX Pa3JIU4YHBIM
BUJIaM >KMBOTHBIX.

B BbIBOJax B KOHLE JaHHOW TJaBbl OOCYXIAIOTCS
SHJOKPUHHBIE MPOIECCHl y CaMIOB U HEKOTOpHIE
ACIIEKThI CE30HHOCTH.

1.2. HepBHasg cucrema, TOpMOHaJlbHas cHUCTEMA U
KJIETOYHBIE PELIETITOPHI

HepBHaa cucrema: Pasgpaxxkurenun u3 OKpysKarolieu
Cpelpl  BOCHPMHHMMAIOTCS  OpraHaMM 4yBCTB U
MepelatoTCsl B MO3T.

Uro kacaeTrcs pa3MHOMKEHHUs, IPUMEPBI CEHCOPHOIO
BBOJAa U3  OKpYXarolled  cpeapl  BKIIOYAIOT
nHpOpMaINIO, TOTYYEHHYIO TIOCPEICTBOM IJ1a3 (CBET,
Jpyrue >KMBOTHBIE TOTO € BHJA), Hoca (3amaxu,
UMEIOIIKE T0J0BOE 3HaYeHUE), U ocs3aHus (01a130CTh
OpYyTHUX  SKMBOTHBIX), @  4epe3  3pUTEIbHBIE,
OOOHATENbHBIE W YYBCTBUTENbHbIE HEpPBHI JIaHHAs
nH(popMalys nepeaeTcsi B MO3T.

Mo3r  TpaHciupyeT — MHopManmMio M TIpH
HEO0OXOMMOCTH pearupyer, MochbuIas UMITYJIbChl IO
HEPBHBIM BOJIOKHAM K OpraHy-MUIIEHH.
I'opMonanbHas cucrema:

I'opMOH MOXHO ONpPENENNUTh KaK XUMHYECKOE
BEIIECTBO, BbIpaOaThIBa€MOE >KEJIE30i MM TKaHbIO
OpraHu3Ma, KOTOpPO€ BBI3BIBAET CHEUU(DUUYECKYIO
pEaKuuio B YyBCTBUTEIbHOW K TOPMOHY TKaHHU.
I'opmoHanbHas cucTeMa OKa3bIBa€T CBOE BIIMSHHE C
MTOMOUIBIO JAHHBIX XUMHUYECKUX TPOBOJIHUKOB.
JlaHHBI ~ mpoliecc — PETyJUpYeTcs  KOMIUIEKCOM
oOpaTHBIX CBSI3éM M UMIYyJbCaMH OT HEPBHOM

2



system and various organs.

Its activity can be subdivided according to
the way the hormones reach the target
cells.

Systemic hormones-endocrine hormones
In the endocrine system, the hormone is
synthesized and stored in specialized cells
of an anatomically defined endocrine
gland.

These hormones are released into the
blood stream and carried (frequently by
specific transport proteins) to a target
organ, often distant from the source.

The endocrine system includes secretory
glands that release their hormones into the
general circulation (e.g. insulin), as well as
into closed circulatory systems (e.g.
GnRH).

Paracrine hormones

So-called paracrine hormones influence

cells or organs in their immediate
neighbourhood.
For example, the production of

testosterone by the interstitial Leydig cells
of the testes, acting on the adjacent
seminiferous tubules.

Autocrine hormones

Autocrine describes the process in which
the producing cell is also the target cell.
The prostaglandins are good examples.

Neurotransmitters

Nowadays, neurotransmitters are
increasingly commonly considered to be
hormones, i.e. they are hormone
messengers.

Neurotransmitters such as acetylocholine
may be thought of as paracrine hormones.
To date, more is known about endocrine
functions than about the rest of the
hormone system.

In the last decade, research workers have
paid more attention to the paracrine and
autocrine functions, but many details of
these actions are still poorly understood.
Having reached a target cell the hormone
needs to provoke a reaction, which is
activated by the target cell’s hormone-
specific receptors - unique molecular
structures, in or on the cell, with a highly

CHUCTEMBI Y Pa3JIU4HbIX OPraHOB.

JlaHHy!0 ~ aKTHUBHOCTb  MOXHO  pa3feiuTh B
3aBHUCUMOCTH OT TOrO, KakuM 0O0pa3oM TOPMOHBI
JOCTUTAIOT KJIETOK-MULICHEH.

CucreMHbIE TOPMOHBI-3HIOKPUHHBIE TOPMOHBI

B »>HAOKpPMHHON CHCTEME TOPMOH CHUHTE3UPYETCS H
3amacaercss B CHELUAJU3HPOBAHHBIX  KJIETKAX
AQHATOMHUYECKU OIIPENEICHHON JKeJe3bl BHYTPEHHEU
CEKPELIH.

JlaHHBIE TOPMOHBI BBICBOOOXKIAIOTCSA B KPOBOTOK H
HIEPEHOCATCS (vacto crnenu(pu4ecKuMu
TPAHCIIOPTHBIMU O€JIKaMu) K OpraHy-MUIIEHH, 4acTo
YIAJICHHOMY OT UCTOYHHKA.

DOHAOKPUHHAS CHCTEMA BKJIIOYAET B C€0sl CEKPETOPHBIE
JKeJe3bl, BBIJEIAIONIME COOCTBEHHbIE T'OPMOHBI B
oOHIMil KpOBOTOK (HampuMep, MHCYJIWH), a TakXe B
3aMKHYTBIE CHUCTEMbI KpOBOOOpalleHHus (Harmpumep,
['oHagOTPONMH-PUIUZUHT-TOPMOH).

[TapakpuHHBIE TOPMOHBI

Taxk Ha3bIBacMble HapaKpUHHbIE TOPMOHBI
BO3JCHCTBYIOT Ha KJIETKU WM OpPIraHbl, HAXOASIINECS
B HETIOCPEACTBEHHOM OJIM30CTH OT HUX.

Hanpuwmep, BBIpabOTKa TECTOCTEPOHA
HHTEPCTULAAIBHBIMA KJIETKaMH Jletiqura
CEMECHHUKOB,  BO3JICUCTBYIOIIMMH Ha  COCEJHHUE

CEMEHHBIE KaHAJIbLIBI.
AyTOKpHUHHBIE TOPMOHBI

AYTOKPUHHBIM IPOLIECC ONHUCHIBACT IIPOLIECC, B
KOTOPOM IIPOM3BOJSAIIAs KIIETKa TAaKXKe SBIAETCA
KJIETKOM-MMILIEHBI0. XOpPOLIMM IPUMEPOM SIBIISIOTCA
IIpOCTarjaaHAvuHbL.

HelipomeauaTopsl

B Hacrosmee BpeMs HeWpOMEAUATOpbl BCE Yallle
paccMaTpuBarOTC Kak TOPMOHBI, TO €CTb OHH
SBJISIIOTCA ITOCPEIHUKAMU TOPMOHOB.

Takue HelpomMeauaTophl, KaK alEeTUIOXOJIMH, MOXKHO
paccMaTpuBaTh Kak MapakKpUHHBIE TOPMOHBI.

Ha ceromusmuuii 1eHb 00 3HIOKPUHHBIX (YHKIHAX
U3BECTHO Oojplle, uYeM 00 OCTalbHBIX YacTAX
TOPMOHAIbHOM CUCTEMBI.

B nocnenHee necATHIETHE HCCIENOBATENIM  CTAIU
yIenATh OOJbllle BHUMAHUS M3YUYCHMIO MapakpUHHON
U ayTOKPUHHOW (PYHKUMH, OJHAKO MHOTHE JeTalu
JAHHBIX JEHCTBUM €Ile HEAOCTATOYHO U3YUYECHBI.
JIOCTUTHYB ~ KIJIETKM-MMIIEHH, TOPMOH  JOJDKEH
CIIPOBOLIMPOBATh PEAKLMIO, KOTOpas aKTUBUPYETCA
cnenupuYecKUMH JJii TOPMOHOB  pelenTopamu
KJIIETKU-MUIIEHU — YHUKAJIBHBIMA MOJIEKYJIIPHBIMU
CTPYKTYpaMH BHYTPHU HJIM Ha MOBEPXHOCTH KIIETKHU C
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specific affinity for a particular hormonal
configuration.

The receptors therefore perform two
important functions:

» Recognition of the specific hormone by
the target cell.

* Translation of the signal into a cell-
specific response.

The biochemical structure of hormone
receptors can vary but, in general, each
can recognise and interact with, a very
specific hormone entity (by contrast with
the lock-and-key model of the substrate-
enzyme interaction).

Nonetheless all receptors have two key
components:

a) a ligand binding domain that binds the
matching hormone stereo-specifically;

b) an effector domain that recognises the
presence of the ligand domain-hormone
complex and activates the cell-specific
biological response, which usually
involves activation or de-activation of
enzymes in the target cells.

The receptors for steroid hormones are
usually to be found in the cytosolic and
nuclear compartments of the target cells
where they interact directly with DNA.
Receptors for peptide and protein
hormones are usually located in the outer
membrane of the cell.

Most receptors, especially those in the cell
membrane, require a second messenger to
transmit the message.

One of the best known second messengers
is cyclic-AMP.

After binding to the receptor, the hormone
activates the adenylate-cyclase-system in
the cell membrane.

ATP is then converted into cyclic AMP.
CAMP, the second messenger, in its turn,
activates an inactive CcAMP-protein-
kinase-A that splits up into an active
catalytic unit and a regulatory unit.

The active catalytic unit of the protein-
kinase stimulates the phosphorylation of a
protein or enzyme, which then brings
about the cellular effects, such as protein

BBICOKOCTIEU(UYECKUM CPOACTBOM K ONPEAEICHHOM
TOPMOHAJIbHON KOH(UTYpaLnu.

Taxkum 006pa3om, peenTopsl BHINOIHAIOT /IBE BaKHbIE
¢byHKIMM:

* Pacnio3HaBanue cnenuduyeckoro ropMoHa KJIeTKOM-
MUUIEHBIO.

* IIpeoOpa3zoBanue curHaiga B crHeUUGUUHBIA I
KJIETKU OTBET.

buoxumuueckas CTPYKTypa TOPMOHAJIBHBIX
pPELENTOPOB MOXET pa3nyarbcs, HO, KaK IPaBUIIO,
KOKIOBIA M3  HMX  MOXET  DPAcllo3HaBaTb U
B3aMMOJICHICTBOBATh C  OYEHb  CHEHH(PUICCKON
TOPMOHAJIBHONW €AMHULEH (B OTJIMYME OT MOAEIH
B3aUMOJICHCTBHS CyOCTpaT-(epMEHT 10 NPUHIUITY
«3aMOK-KJIFOU»).

Tem He MeHee, Bce pelienTOpPbl UMEIOT J1Ba KIHOUYEBBIX
KOMITOHEHTA:

a) JIMTaH/1-CBS3bIBAIOIINI JIOMEH, KOTOPBIN
crepeocnelin(UYecKy CBSI3bIBAET COOTBETCTBYIOIIMH
TOPMOH;

0) o5(deKTopHBI JTOMEH, KOTOPBIM paclo3HaeT
MPUCYTCTBUE KOMILJIEKCA JIUTAHJ-I0MEH-TOPMOH U
aKTUBUPYET KJIETOYHO-CHEeIM(PUUESCKHUIA
OMOJOrMYECKU OTBET, KOTOPBIM OOBIYHO BKIIIOYAET
aKTUBALMIO WM JI€aKTUBALUIO (PEPMEHTOB B KJIETKaX-
MUIIEHSIX.

Penentopbl  CcTEpOMIHBIX ~ TOPMOHOB  OOBIUHO
HaxoJATCSl B LMTO30JIbHOM M SJIEPHOM OTHENax
KJIETOK-MMILIEHEH, TOE OHU  HENOCPEACTBEHHO
B3aumozeicteytor ¢ JHK. Penentoper  mis
NeNTUIHBIX M OEJNKOBBIX TOPMOHOB  OOBIYHO
PacrojoKeHbl BO BHEIIHENH MeMOpaHe KIETKH.

BonpmmHCTBY penentopoB, OCOOCHHO B KIIETOYHOU
MeMOpaHe, Ui Tepeaadd cooOmeHus TpedyeTcs
BTOPOW NMPOBOJHUK.

OnHuM U3 HanboJiee U3BECTHBIX BTOPBIX POBOTHUKOB
SIBJISIETCS ITUKJIMYECKUNA aleHO3MHMOHO(pOoCc(aT.

Ilocne cBsA3bIBaHUSA C PELIEITOPOM TOPMOH aKTUBHUPYET
aJICHUJIATIUKIA3HYI0 ~ CUCTEMY B KIJIETOYHOH
MeMOpaHe.

3arem AT® npeBpamjaercs B nukindeckuiit AMO®.
UAM®, BTOpOl NpPOBOAHMK, B CBOK OUYEPENb,
aKTUBHUPYET HEaKTUBHYI0 HAM®D-npoTenHKHHA3Y-A,
KOTOpasl pacnajaercs Ha aKTUBHYIO KaTaIUTUYECKYHO
U PETYJISATOPHYIO €IUHUIIBL.

AKTHBHasI KaTaJIUTUYECKasl €IMHULA IPOTEUHKUHA3bI
ctumynapyeT  dochopuirpoBaHue — Oelka WA
(bepMeHTa, 4TO 3aTeM BBI3BIBACT KIETOUHBIE AP PEKTHI
(peakuuu), TakhMe KakK CHUHTE3 Oelika, pOCT WIH
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synthesis, growth or hormone secretion.
Because of the generally low circulating
concentrations of hormones, the receptor
needs a very efficient capture mechanism
for its matching hormone.

The effect of an endocrine hormone
release can vary with  particular
circumstances.

The number and type of receptors of a
target cell are not fixed, and their
formation and degradation is a dynamic
process.

The function of one hormone in a cell can
be the induction or degradation of
receptors for another messenger.
Furthermore, receptors can be blocked by
an excess of hormones.

In this case, over-stimulation by a
normally highly effective dose of
hormones will cause no further effect.
Many pathological conditions in the
reproductive process are caused by
disorders at the receptor level.

1.3 Regulation of reproduction in the
female

For most of a normally fertile female’s
life, she experiences no regular cyclic
activity (anoestrus).

Taken together, the periods of inactivity in
pre-puberty, pregnancy and lactation are
much longer than the relatively short
periods of cyclic activity.

Nevertheless, most attention is focused on
the latter, the periods when man most
frequently interferes with the reproduction
process (breeding/not breeding; choice of
male/Al; control of oestrus; induction of
ovulation etc.) and it is during these
periods that most problems associated with
breeding occur.

The principles of the hormonal control of
reproduction are basically the same for all
the domesticated animal species, though
there are some differences between them.
Some animals are poly-oestrus (cattle,
swine) cycling throughout the year, others
are only seasonally poly-oestrus (horse,
sheep, cat). The dog is mono-oestrus.

There are also differences in the

CEeKpeIusi TOPMOHOB.

N3-3a 0OBIYHO HU3KUX KOHIICHTpAIUii
UPKYJIUPYIONIMX TOPMOHOB PELENTOp HYKHAeTCS B
OUYEHb 3¢ PEeKTHBHOM MEXaHU3ME 3axBara

COOTBETCTBYIOIIETO TOPMOHA.

OddexT BBHIOpOCA SHAOKPUHHOTO TOPMOHA MOXKET
BapbHPOBATHCS B 3aBUCHMOCTH OT KOHKPETHBIX
0OCTOSITENBCTB.

KonuyectBo W THII penenTopoB KIETKU-MHUIICHH HE
¢ukcupoBaHbl, a uX oOpa3oBaHWE U JAerpaganus
MPEICTaBIsIET CO0O0M JMHAMUYECKUHN TIPOIIECC.

OyHKIMEH OJHOrO0 TOPMOHA B KJIETKE MOXET OBbITh
UHAYKIUS WM JIerpajaliis peLenTopoB APYroro
MecCeHKepa.

Kpome Toro, perientopsl MOTYT OBITH 3a0JIOKHUPOBAHBI
M30BITKOM TOPMOHOB.

B nanHoM ciywyae upe3MepHas CTUMYJISLUS OOBIYHO
BBICOKOA((DEeKTHUBHON 10301 TOPMOHOB HE BBI3HIBAET
nanpHenmero 3¢dexra.

Mmorue NaTOJIOTUYECKHE
PenpoOAYKTUBHOM nporecce
HapyUICHUSIMH Ha YPOBHE PELIEITOPOB.
1.3 Perynsauus pa3sMHOXXEHHS Y CAMKH

COCTOSIHHS B
00yCIIOBJICHBI

bonpiiyto 4YacTh JKM3HM HOpPMalbHO (PEPTUIILHON
CaMKH, OHA HE MCIIBITBIBAET PETYJIAPHON LIMKIMYECKOU
aKTUBHOCTH (QHACTPYC).

B coBokymHocTM  mepuoabl  Oe3neiicTBus B
MpernyoepTaTHOM Iepuojie, BO BpeMsi OEpeMEHHOCTH U

B NICpUOJ  JIAKTalUKU  HAMHOI'0O  JJJIMHHEC, YEM
OTHOCUTCJIBHO KOPOTKHE TICPUOJbI HHKHHqGCKOﬁ
AKTHUBHOCTH.

Tem He MeHee, HanOoJblllee BHUMAHHE YIEINSACTCS
MOCJeHUM, TepHoAaM, KOrja 4YelloBeK Hauboiee
9acTO BMEIIMBAeTCS B IPOIECC BOCIPOU3BOJICTBA
(pa3MHOXeHME/HE pa3MHOXeHHe; BblOop camia/MO;
KOHTPOJIb ACTPyCa; MHAYKIHS OBYJSIIAWA U T. 1.), H
MMEHHO B JIaHHBIE MEPHObI BO3HUKAET OOJIBIIMHCTBO
po0JieM, CBA3aHHBIX C PA3BEICHUEM.

[IpyHOKIIBI TOPMOHATIBHOM PETYISALNNA Pa3sMHOKECHHS
B OCHOBHOM  OJMHAKOBBI JUI1  BCEX  BHUJOB
OJIOMallTHEHHBIX JKUBOTHBIX, XOTS MEXIy HUMHU €CTh
HEKOTOPBIE Pa3Inyusl.

Y HEKOTOpBIX >KMBOTHBIX MOJUACTPYC (KPYMHBIN
poraTslii CKOT, CBUHBH) JJIUTCS B TEUEHUE BCETO TOAA,
y APYTUX HNOJUACTPYC TOJIBKO CE30HHO (JIOIIa/b, OBIIA,
KOIIKa). Y co0aku MOHOICTpYC.
CyllecTBYIOT TakKe  pa3jiuuus B
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mechanism of ovulation.

Most animals are spontaneous ovulators,
but in the cat, rabbit and camel, ovulation
is induced by the stimulation of sensory
receptors in the vagina and cervix at
coitus.

The species-specific aspects of
reproduction are covered in the chapters
on the physiology of the different species.

This section will only review the function
and interaction of the most important
hormones involved in reproduction (and
their secretory and target tissues), using
the sexual cycle of the cow as an example.
The reproductive process in mammals is
regulated by a complex, and only partially
understood, cascade of the combined
activities of the central nervous system, a
number of secretory tissues, target tissues
and several hormones.

Figure 2 is a schematic representation of
the most important organs and hormones
involved in reproduction in the female,

with some of their functions and
interactions.
The central nervous system (CNS)

receives information from the animal’s
environment (visual, olfactory, auditory,
and tactile stimuli) and conveys the
information relevant for reproduction to
the gonads via the Hypothalamo-Pituitary-
Gonadal axis.

The hypothalamus and the pituitary gland
are closely attached to the ventral part of
the brain.

Both are not only hormone producers, but
also target organs, constituting a
sophisticated homeostatic feedback system
by which they regulate their own rate of
secretion.

Following a stimulus from the CNS,
endocrine neurons in the hypothalamus
produce one of its releasing hormones,
Gonadotrophin ~ Releasing ~ Hormone
(GnRH), a relatively simple 10-amino acid
peptide (decapeptide).

Since GnRH is highly conserved in
mammals, technology for the control of
fertility based on this hormone has a wide
range of applications in different species.

OBYJISLIUH.

VY GOJBIINHCTBA KUBOTHBIX MPOUCXOAUT CIIOHTAHHAS
OBYJILIMSA, HO Y KOILUEK, KPOJMKOB U BepOIIOI0B
OBYJISALIMSL  BBI3BIBACTCS  CTUMYJIALIMEHM CEHCOPHBIX
PELEenTOPOB BO BIATAIMUIIEC U IIEHKE MAaTKH BO BpeMs
II0JIOBOT'O aKTa.
Bunocnenuduueckue aCIICKTBI
paccMaTpuBaroOTCA B IJ1aBax,
(U3M0I0TUH Pa3INYHbIX BUIOB.

B nanHoM pasnene OyIyT pPacCMOTPEHBI TOJBKO
GyHKIMH M B3auMoJelcTBUE Haulosiee BaXKHBIX
TOPMOHOB, YYacTBYIOIIMX B PENpoAyKUuMH (M HX
CEKpETOpHbIE TKAHM M TKaHU-MUIIEHHU), Ha MpUMeEpe
IIOJIOBOT'O LIMKJIA KOPOBBI.

PenponykTuBHBIM  Ipouecc y — MIIEKOIMTAIOLIMX
peryiaupyercss  CIOXKHBIM M JIMIIb  YAaCTHYHO
U3Y4YCHHBIM  KacKaJOM B3aUMHOM  JI€ATEIbHOCTH
LIEHTPAJIbHOM HEPBHOM CHCTEMBI, psAlla CEKPETOPHBIX
TKAaHEH, TKAHEH-MUILIEHEN U HECKOIBKUX TOPMOHOB.

Pa3MHOXKCHUA
IMOCBAIICHHBIX

Pucynox 2 mpencraBiusieT CcoOOW  CXEMAaTHYHOE
n300pakeHWe  Hamboyiee  BAXKHBIX  OpPraHoB U
TOPMOHOB, YYaCTBYIOIIUX B MPOLECCE PEMPOAYKIIUU Y
CaMOK, C  HEKOTOPBIMH WX  QYHKIUSIMH U
B3aMMO/ICHCTBHSIMH.

Hentpansuass nHepBHas cuctema (LJHC) mnomywaer
WHPOPMAIIMIO U3 OKPYKAIoIIeH Cpeabl JKUBOTHOTO

(3puTenbHBIE, O0OOHSTEILHEIE, CITyXOBBI€ u
TaKTUJIbHBIC pa3apaKuTeNn) u nepenaeT
nH(DOpPMALIHIO, HEOOXOIUMYIO IS Pa3MHOXKCHUS,

rOHa/laM 4epe3 TUMOoTalaMO-TUIIO(PHU3apPHO-TOHAIHYIO
OCb.

l'unmoranamyc u  rtunodus  TeCHO
BEHTPaJIbHOH YacCThIO TOJIOBHOI'O MO3Ta.

CBsA3aHbI C

Ob6a sBISIIOTCA  HE  TOJBKO
TOPMOHOB, HO M OpraHaMH-MHUIIEHSIMHU, 00pazys
CIIO)KHYIO TOMEOCTaTHUYECKYI0 CHCTEMY OOpaTHOMN
CBS3M, C IIOMOLIbIO KOTOPOW OHM pETYJIHUPYIOT
COOCTBEHHYIO CKOPOCTH CEKpEINH.

Cnenys ctumyny u3 LIHC, sHAOKpUHHBIE HEMPOHBI B
rUrnoTajgaMmyce BbIpabaThIBAlOT OJWH M3  CBOUX
PUIN3UHT-TOPMOHOB, TOHAI0TPONUH-PUITU3UHT -
ropmoH (I'uPT’), otHocuTensHO npoctoit nentua u3z 10
AMUHOKUCIIOT (JeKanenTHI).

MMPOU3BOAUTCIISAIMUA

ITockonpky I'HPI' B BBICOKOM CTENEHU COXPAHSETCS y
MJIEKOITATAOIINX, TEXHOJIOTHS KOHTPOJIA
(epTUIBHOCTH HAa OCHOBE JAaHHOTO TOPMOHA, HMEET
LIMPOKUH CIEKTP IPUMEHEHUS Y PA3HBIX BUOB.
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GnRH is transported via the hypothalamo-
hypophyseal portal system to the anterior
lobe of the pituitary gland, its target organ.
Here it stimulates specific cells of the
pituitary gland to secrete Follicle
Stimulating Hormone  (FSH)  and
Luteinizing Hormone (LH).

GnRH, FSH and LH are not released at a
constant level, but in a series of pulses.

In modulating the secretory activity of the
pituitary gland, it is the amplitude and
frequency of GnRH pulses that play a
decisive role rather than a constant
concentration of the hormone.

Both internal factors (gonadal feedback
mechanism) and  external  factors
(photoperiod, pheromones, nutrition and
metabolic status) exert their primary effect
on the reproductive pattern through the
modulation of GnRH secretion by the
hypothalamus.

As already mentioned, GnRH stimulates
the release of FSH and LH by pituitary
cells.

The gonadotrophins FSH and LH belong
to the superfamily of glycoprotein
hormones.

They are composed of two different
subunits, alpha and beta, which are non-
covalently associated.

These two hormones are not secreted
synchronously in vivo since they are
regulated independently.

GnRH is of acute importance in
controlling the secretion of LH.

Hence, the pulsatile secretion of LH by the
pituitary closely follows the pulsatile
release of GnRH from the hypothalamus.
GnRH stimulation rapidly triggers both the
release and the biosynthesis of LH in order
to replenish its resources.

The LH content of the pituitary of most
mammalian species is up to 10 times
higher than that of FSH.

By contrast, FSH synthesis is modulated
by various gonadal factors, though GnRH
appears to be indispensable to its
maintenance.

The pituitary stores of FSH are low and its
secretion mirrors the rate and extent of its

I'nPI"  Tpancmoptupyercs  4epe3  TrmmoTaizamo-
runouzapHyo MOPTATBHYK CHUCTEMY B IEPEIHIOI0
JIOJTI0 TUNO(U3a, B €r0 OpraH-MUIICHb.

B nganHOM ciydae OH CTUMYIMpPYeET crenu(uyecKkue

KJIETKH runoduza K CEKpeIHu
dommukynoctumynupytomero ropmona (®CI) wu
motenHusupyromiero ropmona (JII).

I'sPI', ®CI' u JII' BBICBOOOXIAIOTCI HE Ha

MOCTOSSHHOM YPOBHE, a CEpUsIMUA UMITYJIHCOB.

B Mopynaumu CcexkpeTopHOW aKTUBHOCTH THIo(u3a
pEIIAIONIYI0 POJIb MIPAIOT aMIUIMTYJla M YacToTa
nmnyibcoB ['HPI', a He MOCTOsHHAs KOHLIEHTpauus
rOpMOHa.

Kak BHyTpeHHHE (akTOpbl (MEXaHU3M TOHAJHOMN

o0paTHOW CBsI3M), TaK M BHEMIHHE (AKTOPHI
(dboTomepuon, (hepOMOHHI, MATaHUE u
METa0OJIMYECKHl  CTaTyC) OKa3bIBAlOT OCHOBHOE

BJIMSHUE HA PENPOAYKTHUBHYIO CHUCTEMY IOCPEICTBOM
Moayisiuun cekpeunu I'HPI runoranamycom.

Kak yxe ynommnHanocs, ['HPI' cTumynupyer
BbIicBOOOXIeHne DCI" u JII' kiretkamu runodusa.

lonagorporiuaer  ®CI' wu  JII'  oTHocATCS K
HAJICEMENCTBY IITMKONPOTEHHOBBIX TOPMOHOB.

OHM COCTOAT M3 ABYX Pa3HbIX CyObenuHUI, anbha U
6eTa, CBA3aHHBIX HEKOBAJIEHTHO.

O0a ropMoHa He CEeKpPEeTHPYIOTCS CHHXPOHHO in Vivo,
MTOCKOJIBKY OHU PETYJIHPYIOTCS HE3aBUCHMO.

I'iPI" wmmeer Oosnblioe 3HAYEHHUE HJII  KOHTPOJIS

cekpenuu JII'.

CnenoBatenbHO, myJibcupyromas — cexkperus  JII
runopu3oM TECHO CBf3aHAa C  MYJIbCUPYIOLICH
cexpeuner ['HPI' 3 runoranamyca.

Crumymsiius  I'HPIT OblcTpo  3amyckaer — Kak
BBICBOOOXKIeHHe, Tak u Owocuures JII' s

IIOIIOJIHEHHS CBOMX PECYPCOB.

Conepxkanme JII' B rumoduse OOJBIIMHCTBA BHUIOB
MiekonuTamux 10 10 pa3 mpeBslIaeT coaep:KaHue
OCT.

Hanporus, cunres ®CI' mogynupyercss pa3IndHbIMU
roHagHeiMu  (paktopamu, xotsa I'HPI, mo-sBuaumomy,
HEOOXOUM JIJIS €70 MOJIePKaHUSL.

I'unogusapusie 3anacel @CI™ HU3KHE, a €ro cekpernus
OTPa’KaeT CKOPOCThb U CTENEHb €r0 OMOCHHTE3A.
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biosynthesis.

GnRH is released from the hypothalamus
in a series of rapid bursts separated by a
quiescent period.

The pulsatile nature of GnRH secretion
ensures that the target organ is always
exposed to hormonal stimuli: constant
stimulation by high concentrations would
result in desensitisation of the target cells.

It has been shown experimentally that
continuous administration of high levels of
GnRH leads to a progressive decrease in
the pituitary’s responsiveness to GnRH.
This desensitisation is most probably
caused by a decrease in the number of
GnRH receptors on the cell membrane of
pituitary cells.

One level down the Hypothalamo-
pituitary-gonadal axis, FSH stimulates the
development of ovarian follicles.

In the theca interna of the follicle, LH
stimulates the synthesis of
androstenedione from cholesterol.
Androstenedione is  converted into
testosterone which is aromatized into
oestradiol-17p under the influence of FSH,
in the granulosa cells of the follicle.
Oestradiol exerts a positive feedback on
the hypothalamus and pituitary gland,
increasing the frequency of the GnRH

pulses.
Above a certain threshold level of
oestradiol, the hypothalamus responds

with a surge of GnRH which, in turn,
induces an LH surge that initiates
ovulation.

Thus, with respect to ovarian function,
FSH stimulates the growth of follicles,
while LH stimulates their maturation,
oestradiol production and ovulation.

LH also supports the formation and the
early function of the corpus luteum.

One of the principal effects of oestradiol is
the induction of the signs of oestrus.
Oestrus can be described as the
behavioural and physical signs that signal
to other animals that the female is in the
fertile phase of her cycle, and will allow
herself to be mated.

I'aPT" BpICBOOOXKIAeTCs M3 THIOTAlIaMyca cepuei
OBICTPBIX BCILJIECKOB, Pa3/ICJI€HHBIX IEPUOIAOM MOKOS.
[Tynscupyrommii XapakTep CEKpeLuu I'nPI’
rapaHTUpyer, 4TO OpraH-MULIEHb BCEr1a
MOJABEPraeTcs BO3/ICHCTBUIO TOPMOHAJIBHBIX
CTUMYJIOB: TIOCTOSIHHAsE  CTUMYJISIUS ~ BBICOKUMHU
KOHILEHTPalUsAMU TPUBEAECT K JECCHCHOWIN3AIUU
KJIETOK-MHUILICHEN.

OKCHEPUMEHTAIBHO  IOKAa3aHO, YTO IOCTOSIHHOE
BBEJEHHE BbICOKMX 103 ['HPI' npuBogur K
MPOTrPECCUPYIOIIEMY CHH)KEHHIO YYBCTBUTEIBHOCTH
runodusa k 'HPT.

JlanHast neceHCMOMIM3alKs, CKOpee BCEero, BbhI3BaHA
yMeHblleHueM  uucia  peuentopoB  I'HPI  Ha
KJIETOYHOW MeMOpaHe KIETOK runodusa.

Ha yposen»  Humxe
ronagHon ocu  OCI
(b OITHKYIIOB SUYHHUKOB.
Bo BryTpennell wactu ¢ommkyna JIIT crumynupyer
CUHTE3 aHJIPOCTEHIMOHA U3 XOJIECTEPUHA.

TUIIOTaIaMO-TUIIO(PHU3apHO-
CTUMYJIUPYET  Pa3BUTHE

AHIIPOCTEHIMOH  TpeBpallaeTcs B  TECTOCTEPOH,
KOTOpBIM apoMatusupyercs B 3cTpaauoi-173 mnox
BiausHueM OCI B rpaHyne3HbIX KIeTKax (HOJUTHKYIIA.

30Tpazu/10n OKa3bIBACT IIOJIOKUTCIBbHYIO o6paTHy}0

CBA3b Ha THUIOTAJlaMyC U TUNOQU3, YyBEIUYUBAs
4acToTy uMItysbcoB ['HPT.

IIpy  mHpeBBILIEHMH  ONPENEICHHOIO  ITOPOrOBOIO
YPOBHSA  OCTpajuoia  TUIOTAAMYC  pearupyer

BcruieckoM ['HPIY,  koropslii, B CBOWO ouepens,
BBI3BIBACT BCIUIECK JII', MTHUIMUPYIOIIMI OBYJISLUIO.

Takum oOpa3om, 4TO KacaeTcsi (YHKIUM SUYHUKOB,
OCT" ctumynupyeT pocT GOUIUKYJIOB, B TO BpeMsl Kak
JII'  crumynupyer UX CO3peBaHHE, BBIPAOOTKY
ACTPaguoiIa U OBYJIALHMIO.

JIT' Taxke crnocoOCcTByeT (OPMHUPOBAHUIO M PaHHEMY
(YHKIIMOHMPOBAHUIO JKEJITOTO TeJa.

OpHuM 13 OCHOBHBIX 3 (EKTOB 3CTpaanoia SBISETCS
MHIYKIHS IPU3HAKOB 3CTpyca.

OCTpyC MOXET OBITh OINHCAH KakK IOBEIEHYECKHE U
¢usnyeckue MNPU3HAKK, KOTOPHIE CUTHAIM3HPYIOT
JIPYTUM KHUBOTHBIM O TOM, YTO CaMKa HAaXOJIWUTCSA B
¢deptunbHO  (ase cBoero LUKIA U MO3BOJMT
CHapUBaTbHCA.
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The granulosa cells also produce inhibin.
Not all the effects of this hormone are
understood, but its name is derived from
its negative feedback on FSH release from
the pituitary gland, thus controlling follicle
development.

After owvulation, the remnants of the
follicle are remodelled into the corpus
luteum, under the influence of LH.

The cavity of the follicle is filled with
blood vessels, and the granulosa cells
increase in size.

The corpus luteum is mainly a secretory
organ  producing  progesterone  and
oxytocin.

Progesterone is essential for the normal
cycle in the cow and, after conception, it is
the hormone principally responsible for
the maintenance of pregnancy.

It reduces the GnRH pulse release, and
therefore inhibits new ovulations.
Furthermore, it prepares the endometrium
for the nidation (in effect, the
implantation) of the developing embryo,
and inhibits uncontrolled contractions of
the uterine wall which would be harmful
to pregnancy.

If the ovum released from the follicle
during ovulation is not fertilized, no signal
of pregnancy will be received from the
embryo.

At around day 16 after ovulation, the
endometrium of the nonpregnant uterus
will release prostaglandin F2a.

PGF2a initiates the regression of the
corpus luteum which is called luteolysis.
The luteolytic mechanism of
prostaglandins has not been completely
elucidated, but it involves a reduction of
the blood supply to the corpus luteum by
vasoconstriction, as well as a direct effect
on the luteal cells themselves.

The primary site for the initiation of
luteolysis is the large luteal cell of the
ageing corpus luteum.

Oxytocin produced in the corpus luteum is
also thought to play a part in luteolysis.
Binding of oxytocin to its receptor in the
uterine endometrium of the non-pregnant
ruminant stimulates the pulsatile secretion

I'panHyne3Hble KIETKU TaK)Ke MPOIYLIUPYIOT HHTHOWH.
He Bce ¢ dexTsl 1aHHOTO TOpMOHA MOHSATHBI, HO €TI0
Ha3BaHUE IPOUCXOIUT OT OTPHUIATEIHHONH OOpaTHOMN
cBsi3u ¢ BbicBoOOkIeHreM PCI™ u3 runodusa, Takum
00pa3oM KOHTPOJIUPYS pa3BUTHE (OILTUKYIIOB.

[Tocne OBYJIALII OCTaTKH boimkyna
PEMOJIETUPYIOTCS B KENTOE TENO Mo BiusiHueMm JII'.

[Tonmocte (onmkyna 3amoiHIETCS KPOBEHOCHBIMH
COCy/JlaMU, a TpaHyJIe3Hble KJIETKH YBEITUYMBAIOTCS B

pasMepax.
XKenroe TEIO B OCHOBHOM SBISIETCS CEKPETOPHBIM
OpraHoM,  BBIPA0ATHIBAIOIIMM  TPOTECTEPOH U
OKCUTOLIMH.

[IporecTepon HEOOXOIUM JUII HOPMAJIBHOTO LHKIA Y
KOPOBBI, W TOCJI€ 3a4aThs OH SIBJISETCS TOPMOHOM,
TJIABHBIM 00pa3oM OTBETCTBEHHBIM 3a COXpaHEHUE
OCpPEMEHHOCTH.

OH yMeHbIIaeT uMITyIbCcHOE BbicBoOOkAeHUE [ HPT 1,
CJIEIOBATENBHO, [TO/IABIISIET HOBBIE OBYJISIIHH.

Kpome Toro, oH moaroraBiuMBaeT H3HAOMETPUH K

3apOJIbIITY (paxTHuecku K UMILJIAHTAIIHN )
Pa3BUBAIOMIETOCS aMOproHa U MOJIaBIISIET
HEKOHTPOJHMPYEMbIC COKpAICHUS] CTCHKH MAaTKH,

KOTOpbIE MOTYT HAHECTHU BpeE]l OEpEMEHHOCTH.

Ecnmu siineknerka, BeimeAmas w3 (HOJUTUKYIa BO
BpeMs OBYJISILIUH, HE OIUIOIOTBOPEHA, OT YMOpPHOHA He
OyJIeT MoJIy4eHO HUKAKOTO CUrHaia 0 0epeMEeHHOCTH.

[Ipumepno Ha 16-if 1eHp 1HoOcie  OBYJSLUU
SHAOMETpH  HeOepeMeHHOM  MAaTKU  BBIJENSAET
npocraraanand F2a.

[Ipocrarnanaun  F2a  UHUIUUPYET  PErpeccuro

JKCJITOrO TCJIa, KOTOpasd Ha3bIBACTCA JIFOTCOJIU30M.
JIIoTeOIUTHYECKUI MEXaHU3M npocTarilanHAuHoOB 110
KOHIIa HC BBIACHCH, HO OH BKIHOYACT YMCHBIICHHC

KpOBOCHa6)KeHI/I$I KEJIITOIrO TCJ1a 3a CUeT
BAa30KOHCTPUKIIUU, a TaKXe HEMOCPCACTBCHHOC
BJIWAHHUC HAa CaMU JJIOTCUHOBBIC KIICTKH.

HCpBI/I‘{HHM MCCTOM 1585070007 E2000%051 JIFOTCOJIN3a

SBIISIFOTCSI OOJIBIINE JTFOTENHOBBIE KIETKH CTapEIOLIEero
JKEJTOrO Tela.

Cuntaercs, 4YTO OKCHTOLUH, BbIpaOaThIBa€MbIi
JKEJTBIM TEJIOM, TAK)KE UTPAET POJIb B JIFOTEOJIN3E.
CBs3bIBaHME OKCUTOLIMHA C €ro peuenTtopoM B
SHIOMETPUM  MaTKu  HeOepeMEeHHBIX  JKBauyHBIX
CTUMYJIMPYET ITyJIbCUPYIOLLY IO CEKPELIHIO
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of PGF2a.

Experimental evidence generated over the
last 10 years indicates that oestrogens
adjust the expression of uterine oxytocin

receptors upwards, and progesterone,
downwards.
However, the way in which the

intracellular dynamics in uterine target
cells is affected by the changing exposure
to oestrogens and progesterone during the
oestrous cycle may be more complex than
presently suspected.
Endometrial PGF2a
luteolysis.

Uterine venous PGF2a begins to increase
on days 11-13 in ewes, days 13-14 in
sows, and days 16-17 post-oestrus in
COWS.

As a result of the regression of the corpus
luteum, blood progesterone concentrations
decline, removing the blocking effect on
GnRH release from the hypothalamus.
This initiates a new follicular phase and
the final development of a pre-ovulatory
follicle.

The period of follicle ripening, oestrus and
ovulation, characterized by the production
of oestradiol, is called the follicular phase
of the cycle.

The progesterone-dominated phase, from
ovulation to luteolysis, is called the luteal
phase.

The hormones involved in reproduction
are listed in Table 1, along with the main
function, origin and chemical structure of
each.

It is important to note that only some of
the known actions of the individual
hormones are included, and also that not
all the functions of these hormones are
understood.

The table merely includes the known
endocrine actions, but most also have
various paracrine functions, which have
not yet been sufficiently explored.
Reproduction in the female and the male is
regulated by the finely tuned interplay of
actions and reactions of many of these
hormones.

Although much progress has been made in

secretion 1nitiates

npocrarnanauia PGF2a.

DKCIepUMEHTalIbHbIE  JIaHHBIC, TMOJYYEHHbIE 34
nocneanue 10 neT, yka3plBalOT HAa TO, YTO SCTPOTECHbI
PEryJIUPYIOT SKCHPECCUIO PELENTOPOB OKCUTOIIMHA
MaTK{ B CTOPOHY IOBBIIIEHUS, @ MPOTECTEPOH — B
CTOPOHY MOHUKEHUS.

Opnako TO, KakuM 00pa3oM H3MEHEHHE BO3JEHCTBUS
3CTPOr€HOB U IPOreCTEPOHA BO BpEMsl 3CTPAIBHOTO
LUUKJIA BIUSET Ha BHYTPUKICTOYHYIO JUHAMUKY
KJIETOK-MHIIIEHEH  MaTKH, MOXKET OBITh  Oollee
CJIOKHBIM, YEM TPE/IIO0IaraeTcs B HACTOAIIEE BPEMS.
Cekpeuusi  dHIOMETpPHUS PGF22a
WHULIMUPYET JIFOTEOIHU3.

VYposenb mnpoctarmanauHa PGF2o0 B BeHax MaTku
Ha4yMHaeT yBenuuuBatbes Ha 11-13 neHp y oBel, Ha
13-14 nennp y cBuHOMATOK U Ha 16-17 neHn mocie
3CTpyca y KOPOB.

B pesynbTare perpeccuu KenaToro Tejaa KOHICHTpaIus
MporecTepoHa B KPOBH  CHIDKAETCS, YCTpaHss
onokupyromuit 3pdext Ha BeicBOOOKAeHHE [HPT 13
TUIIOTaJIaMyca.

DTO BBI3BIBAET HOBYIO (GOIUMKYJIApHYIO (asy u

ImpocTariianJinHa

OKOHYATEeIbHOE pa3BuTHE IPEOBYJIISITOPHOTO
¢bonnukyna.

Ilepmox  co3peBanust  (omKynoB, 3cTpyca H
OBYJISILIMH, XapaKTepU3yOIHNACS BBIPaOOTKOM

ACTPaNoia, Ha3bIBAIOT (DOJLTUKYISIPHOM (ha3oif IUKIIa.

daza ¢ mpeobiazaHueM IPOTreCTEPOHA, OT OBYIISAIIHU
70 JIIOTEOJIN3a, HAa3bIBACTCS JIIOTEMHOBOH (hazoil.

I'opmoHsL, y4acTBYIOLIUE B PENpPOAYKLINH,
nepevrciieHbl B Tabnuie 1 BMecTe ¢ OCHOBHBIMU
GYHKIUSAMH, TPOUCXOXKJICHHEM U XHUMHUYECKOH
CTPYKTYPOU KaKJIOTO U3 HUX.

BaxHO OTMETUTB, UTO BKJIFOYEHBI TOJBKO HEKOTOPBIE
W3, W3BECTHBIX JEWCTBUU OTHEIBHBIX TOPMOHOB, a
TaK)Ke TO, YTO He Bce (YHKIMU JaHHBIX TOPMOHOB
TMOHSTHEL.

Tabnuira BKJIFOYAET TOJIBKO W3BECTHBIC SHIOKPUHHBIC
IENCTBUA, HO OOJBIIMHCTBO M3 HHUX TaKKe HMEIOT
pa3IuyHbIe TMapakpuHHbIE (YHKIMH, KOTOPHIC eIe
HEJI0CTaTOYHO U3YUYECHBI.

Penponykuusa caMku W camia peryjdpyercs TOHKO
HACTPOCHHOW B3aMMOCBS3bI0 JCHUCTBUM U pEaKUUU
MHOTHX W3 JaHHBIX TOPMOHOB.

XOTsl 3a TOCIETHUE JIECATUIICTHS OBLT JOCTUTHYT
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recent decades, a total understanding of
these immensely complex processes is still
to be attained.

1.4 Regulation of reproduction in the male
The principles of reproduction in the male
show a pattern similar to those of the
female.

The hormones responsible for the
development and maintenance of the male
phenotype are also the gonadotrophins:
luteinizing hormone (LH, which in the
male used to be called interstitial cell
stimulating hormone ICSH) and follicle
stimulating hormone (FSH) produced by
pituitary gland; the androgenic steroid
hormones, including testosterone,
produced by the testes, and inhibin.

The female steroid hormones, oestradiol
and oestrone, also play an important part
in the male in certain circumstances.
GnRH from the hypothalamus stimulates
the release of FSH and LH.

In the male, FSH in conjunction with
testosterone, acts on the Sertoli cells of the
seminiferous tubules of the testis at the
time of puberty to initiate sperm
production.

Thereafter, throughout adult life, FSH acts
directly on the seminiferous tubules (germ
cells and Sertoli cells), stimulating
spermatogenesis.

The Sertoli cells produce inhibin, which
has a negative feedback effect on FSH
secretion by the pituitary gland.

LH stimulates the production of
testosterone by the Leydig cells.

The secretion of LH is inversely related to
the blood levels of testosterone and
oestradiol, as testosterone exerts a
negative feedback effect on LH secretion
by suppressing the pulsatile GnRH release
from the hypothalamus.

Although LH is known to induce
biological responses in both Leydig and
Sertoli cells, LH-specific receptors have
only been found on the Leydig cells.

This would suggest that the action of LH
on Sertoli cells is mediated through a
paracrine mechanism.

3HAYUTENbHBIM Iporpecc, MOJHOE MOHUMAaHUE 3TUX
YpEe3BBIYAIHO CIIOKHBIX IPOLIECCOB €IIE MPEACTOUT
JOCTHYb.

1.4 Perynsiuyst pa3MHOXEHHUSI y CaMIIOB

[IpuHUMOBl pa3MHOXKEHHUS Yy caMmlla aHaJOTHUYHBI
MIPUHLIMIIAM Pa3MHOKEHUS Yy CAMKH.

l'opmMoHaMu, OTBETCTBEHHBIMH 32 pa3BUTHE U
NOJIep )KaHUE MYXKCKOro (DEHOTHIIA, TAKXKE SBISIOTCS
TOHAJOTPOIUHBL: JIIOTeuHu3upyomui ropmon (JII,
KOTOPBIN y MYKYUH paHblLe Ha3bIBaJIN
HMHTEPCTULHUATBHO-KIETOYHBIM CTUMYJIMPYIOLIUM
ropmoHoM HMKCI') u  ¢omuKyI0CTUMYITUPYIOIIHA
ropmoH (®CI'), BeipabaTeiBaeMble THUNOGU3OM;
aHJAPOTEHHBbIE CTEPOUIHBIE TOPMOHBI, B TOM 4HCIIE
TECTOCTEPOH, BBIPAOATHIBAEMBI CEMEHHUKAMHU, U
UHTUOMH.

Xenckue crepousHbIE TOPMOHBI, 3CTpPajuol U
JCTPOT€H, TAK)KE€ WUIPAIOT BAXHYIO POJIb B MYMXKCKOM
OpraHu3Me MpH ONpPEeAETICHHBIX 00CTOSTENBCTBAX.
I'nPI’ u3 ruroTagamyca CTUMYJIUPYET
BbIcBOOOXIeHNEe DCI u JIT'.

Y Myxunn @CI' B coderaHum ¢ TECTOCTEPOHOM
Bo3JeiicTByeT Ha KieTku CepToiam  CeMEHHBIX
KAaHAJIbLEB CEMEHHHKAa BO  BpeMsA  IIOJIOBOTO
CO3pPEBAHUS, UHULIUUPYS BBIPAOOTKY CIIEpMATO30UIOB.

[Tocne 3TOro Ha MPOTSAKEHUM BCEU B3POCION KU3HH
OCI' neicTByeT HEMOCPEICTBEHHO HAa CEMCEHHbIE
KaHaJIbIBI (3apOAbIIIEBbIE KIETKU U Ki1eTku CepToin),
CTUMYJIUPYS CIIEPMATOTEHES.

Knerku Cepronu npoayuupyroT HHTUOMH, KOTOPBIN
oTpuLaTesbHO BiusieT Ha cekpennto OCI runoduszom.
JIT' ctumynupyeT BbIpaOOTKY TECTOCTEPOHA KIETKAMHU
Jlenaura.

Cekpenust JII' oOpaTHO mpomopIHOHaIbHA YpPOBHIM
TECTOCTEPOHA M JCTPaguojia B KpPOBH, IOCKOJIBKY
TECTOCTEPOH OKa3bIBAET OTPHUIATEILHOE BIIUSHUE

oOpatHOi cBs3u Ha cekperuto JII, momaBmss
IyJIbCUPYIOIIIEE BBICBOOOK/IEHUE I'uPI’ n3
TUIIOTaJIaMyca.

He cMmotpst Ha TO, yTOo M3BeCcTHO, 4uTO JII' BBI3BIBAET
Ouosiornyeckue OTBETHI Kak B KieTkax Jlelaura, Tak u
B Kkierkax Cepronu, peuenTopsl, crneuuduyHbie s
JIT", 6111 0OHApY>KeHBI TOJIBKO B KieTkax Jleitnura.
JlanHbIi nporiecc npeanoaraet, yto aercreue JII' Ha
kjeTkn CepTosim ONOCPENOBAHO Yepe3 NMapaKkpUHHBIN
MEXaHU3M.
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Receptors specific for FSH are present
principally on Sertoli cells and to some
extent on spermatogonia.

Testosterone (acting on the Sertoli cells) is
also necessary for spermatogenesis.

The presence of functional androgen
nuclear receptors have been demonstrated
in Leydig, Sertoli and peri-tubular cells in
testicular tissue.

Testosterone and other androgens are
responsible for the differentiation and
maturation of the male reproductive
organs, the development of the male
secondary  characteristics, and the
behaviour consistent with the male’s role
in reproduction.

Leydig cells therefore have the following
main functions: production of testosterone
and the initiation of complex paracrine
interactions with the seminiferous tubules
and Sertoli cells to influence the process of
spermatogenesis.

During sexual maturation, the Sertoli cells
mature in terms of both their biochemical
capability and their morphology.

Thus the so-called blood-testis barrier is
formed.

The Sertoli cells are involvgriBampoed in
five important functions: production of
unique regulatory proteins such as the
androgen-binding protein (ABP),
nourishment of developing spermatozoa,
phagocytosis of damaged spermatozoa,
production of bicarbonate- and potassium-
rich fluid used for the transport of mature
sperm cells, and production of oestradiol
from testosterone.

1.5 Seasonality

In temperate latitudes, animals are faced
with recurrent, seasonal changes in
temperature, climate and food availability,
which can influence their reproductive
activity.

One of the common features of most wild,
and some domesticated, species is the
development of seasonal reproduction
favouring birth at an optimal time of year,
usually spring, which allows the new-born
to grow under optimal conditions of
climate and food availability before the

Peuentopsi, cienuduunsie mis OCI, mpuCyTCTBYIOT
rIaBHBIM  oOpasoM Ha kierkax Cepromu u B
HEKOTOPOM CTENeH! Ha CEPMAaTOTOHUSX.
Tectoctepon (nmeicTByromuii Ha kieTku CepToim)
Tak)Ke HEOOXOAUM JIIsl cliepMaToreHesa.

Hanmnune QyHKIMOHAIBHBIX SIEPHBIX PEIETTOPOB
aHJPOTeHOB OBLJIO NPOAEMOHCTPUPOBAHO B KIIETKAX
Jletinura, Cepronu W mNEepUTYOYJSAPHBIX KIETKax B
TKaHU CEMEHHUKA.

TecrocTepoH u Jpyrue aHIpOreHbl OTBETCTBEHHBI 3a
b depeHIIMPOBKY U CO3PEBAHUE MYKCKUX IMOJIOBBIX
OpraHoOB, Pa3BUTUE MY>KCKMX BTOPUYHBIX IPU3HAKOB U

MOBEJICHUE, COOTBETCTBYIOIIEE MY>KCKOW pOJIM B
PENPOaYKIIUH.

Takum oOpazom, kieTku Jleaura BBITOIHSIOT
CIICAYIOIIHEe  OCHOBHBIE  (DYHKIUU: BBIpaOOTKA

TECTOCTEPOHA U WHUIMAIUS CIOXKHBIX MapaKpUHHBIX
B3aUMOJCUCTBUI C CEMEHHbIMU KaHalIbLAMU H
kinetkamu CepTonau JUisi  BIUSIHUS Ha Ipoliecc
CIIepMaToreHesa.

Bo Bpems mnonoBoro co3peBanus kietku Cepronu
CO3pEBAIOT KaK C TOYKH 3PEHUS WX OMOXUMHUYECKHX
CIOCOOHOCTEH, TaK U C TOYKHU 3pEHHSI UX MOP(OJIOTHH.
Takum oOpazom QopmupyeTcsi Tak Ha3bIBAEMBII
reMaToTeCTUKYIISIPHBIN Oaphep.

Knerku Cepronu yd4acTByIOT B MSTH  BaKHBIX
(GYHKIMAX: BBIPAOOTKE YHHUKAIBHBIX PEryJISTOPHBIX
OCJIKOB, TaKMX KakK aHJAPOTEH-CBSI3BIBAIOIIMKN OEJIOK
(ACB), nuTaHMU pPa3BUBAIOLIUXCS CIEPMATO30MJIOB,
¢arouuTose MTOBPEXKACHHBIX CIIEpPMaTO30M/I0B,
BbIpaOOTKE KHMJKOCTH, Ooraroil OukapOoOHaTOM W
KaJlueM, MCIOIb3yeMON il TpaHCIOPTa 3pesbIX
CIIEpMAaTO30MI0B, M TPOU3BOACTBO 3CTpajuoyia W3
TECTOCTEPOHa..

1.5 Ce3onHocTth

B ymepeHHBIX MIUPOTaxX >KUBOTHBIE CTAKMBAIOTCS C
HOBTOpS[I-OHlI/IMI/ICﬂ CC30HHBIMU N3MCHCHHUAMUN
TEMIEPaTyphl, KIMMaTa U HATUYUSI MUIIH, YTO MOKET
BJIMATBH HA UX PENPOAYKTUBHYIO aKTUBHOCTb.

OnHoit W3 0OmUX dYepT OOJBIINHCTBA JUKUX W
HEKOTOPBIX OJIOMAITHEHHBIX BUJIOB SIBIISIETCS] pa3BUTHE
CE30HHOTO  Pa3MHOXEHHsI,  OJIaroMpUATCTBYIOIIEE
POXKICHUIO B ONTHMAlbHOE BpeMs Toja, OOBIYHO
BECHOW, YTO TIO3BOJISIET HOBOPOXKIEHHBIM PAaCTH B
ONTUMAJbHBIX YCIOBUAX KIUMara M JOCTYHHOCTH
MMHUILIH 0 IT0CIIE 3UMBI.
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following winter.

This means that periods of sexual activity
(the oestrus season) alternate with periods
of sexual inactivity (the anoestrus season).
Among the domesticated species, sheep,
goats and horses have retained the
strongest seasonality in their reproductive
processes.

In sheep, for instance, sexual activity
begins as the day length becomes shorter
(short-day breeders), and in horses, sexual
activity starts when day length increases
(long-day breeders).

In temperate and cold climates, this results
in horses and sheep giving birth to their
young in spring, when sufficient food is
likely to give them the best chance of
survival.

For any given species or breed, the
breeding season is usually very stable
throughout life, with relatively constant
timing for the start and end of female
ovulatory activity and a similarly
consistent period of maximum sperm
production in males.

This precise and sustained timing is due to
a complex mechanism which allows both
sexes to synchronize the expression of
their sexual activity and their breeding
season, in alignment with external
environmental factors.

The pineal gland is the main regulatory
organ in the seasonality of breeding; it
registers day length via the eyes and a
complex of neural connections. The pineal
gland produces indoleamins, of which
melatonin is the most important.

Melatonin is produced and secreted during
the night (dark).

As days become shorter, the animal’s
exposure to melatonin increases.

By some means not yet fully elucidated,
this exerts a stimulating effect on GnRH
secretion by the hypothalamus in short-day
breeders such as sheep.

In long-day breeders, such as the horse,
increased melatonin exposure has the
opposite effect, inhibiting GnRH release
by the hypothalamus.

910 03Ha4acT, 4YTO MNCPUOILL MOJIOBOM AaKTHBHOCTU
(ce3oH  acTpyca) YepeAylTcs C  TepHOJaMHU
0e31eiicTBHSI TOJIOBOH JKU3HH (CE30H aHACTPYyCa).
Cpenu OfOMAaITHEHHBIX BHUJIOB HamOoIee CHIbHYIO
CC30HHOCTD B PCIIPOAYKTUBHBIX ITPOIECCAX COXPAHUIIN
OBIIBI, KO3bI U JIOIIA]IH.

VY oBen, HanpuMep, MOJOBasi aKTUBHOCTh HAYMHACTCS
C YKOPOYEHHWEM CBETOBOTO MHS (TIPOU3BOIAUTEIN
KOPOTKOI'O JIHS), a Y JIOMAJACH I0JOBas aKTHMBHOCTh
HAYHHAETCSA c YBEIHUYCHUEM IUTAHBI ITHS
(Tpou3BOAUTENH JJIMHHOTO JTHS).

B ymepeHHOM U XOJIOHOM KJIMMAaTe JaHHBIN MPOIecc
MPUBOJUT K TOMY, 4YTO JIOIIAJW M OBIBI POXKAIOT
JIETCHBIIIICH BECHOM, KOrjJa JOCTAaTOYHOE KOJHUYECTBO
MUIIK, BEPOSITHO, NACT WM HAaWJIydIllMe IIAHCHhl Ha
BBDKHBAHUE.

Jis  mr000ro JaHHOrO BHJAA WM IOPOJBI  CE30H

pa3MHOXXEHHUsI ~ OOBIYHO  OYEHb  CTa0WJeH  Ha
MPOTSHKEHUH  BCEH  KU3HHU, C  OTHOCUTEIBHO
MOCTOSIHHBIM ~ BPEMEHEM Hadajla ¥  OKOHYaHMS
OBYJISITOPHOM aKTMBHOCTH CaMOK M CTOJIb  KeE
MTOCTOSTHHBIM MepHOIOM MaKCHUMaJILHOTO

MIPOU3BOJICTBA CIIEPMBI Y CAMIIOB.
JlanHO€ TOYHOE M CTAaOWJIBHOE BpEMsi O0O0YCIOBJICHO
CJIOKHBIM MEXaHU3MOM, MO3BOJISIONIMM 000UM TOJaM
CUHXPOHU3UPOBATh IPOSBICHHUE CBOEH  II0OJIOBOU
aKTUBHOCTH U NIEPUO]] PA3MHOXKEHHS B COOTBETCTBUH C
BHEIIHUMH (paKTOPAMH OKPYIKAIOIIEH CPEJIbI.

[IInmkoBuaAHAS *kKene3a — IJIaBHBIM PEryIupyOMnn
OpraH B CE€30H pPa3MHOXEHHS; OH PETUCTPUPYET
MPOJOJKUTENIBHOCTE  JHSA € IIOMOIIBIO TJa3 W
KOMIUIEKCAa HEpBHBIX CBsA3ed. llInMmkoBuaHas xenesa
BbIpa0aTHIBAET MHAOJIAMHHBI, U3 KOTOPBIX Haubosee
BA)KHBIM SIBIIIETCS MEJIATOHUH.

MenatoHuH BbIpabaThIBAETCSl U CEKPETUPYETCS HOUbIO
(B TEMHOTE).

IIo mepe ToroO,
BO3JIEHCTBUE
YBEJINYUBACTCSI.
Kakum-To 00pazom, He /10 KOHIIAa OIpeleeHHBIM,
JAHHBI ~ NPOLECC  OKa3blBaeT  CTUMYJIMPYIOIIEe
nericrBue Ha cekpeuuto ['HPIT runmoramamycom 'y
MIPOU3BOJUTENEN C KOPOTKUM JTHEM, TAKMX KAaK OBIIBI.
Y npousBoAMTENEH IIMHHOIO JHSA, TaKUX Kak
JIOIIA/IA, TIOBBIIIEHHOE BO3JECHCTBHE MEJATOHMHA
MMEeT  MPOTUBOMONOXKHBIN  3pdekr, mnomaBmiss
BbIcBOOOXIeHne ['HPI' runmotanamycom.
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Thus differences in day length are
recognised and translated into signals able
to turn sexual activity on or off.

Generally speaking, photoperiod, which
determines the endogenous circannual
rhythm of reproductive activity, exerts its
action through two different but
complementary pathways, by adjusting the
phases of gonadal development to external
environmental changes, and by
synchronizing the reproductive period
between individuals of the same species.

Takum  oOpa3zom, pasnuuusd B JUIMHE  JHA
pacro3HaloTcst U IpeoOpa3yloTcsi B CUTHAJBI,
CIOCOOHBIE BKJIIOYaTh WJIM BBIKIKOYATh I10JIOBYIO
AKTUBHOCTb.

B o0miem rosops, ¢poronepros, KOTOPbIH ONpeenseT
SHJOTE€HHBIN KPYIJIOTOJUYHBIA PUTM PEIPOLYKTUBHOU
AaKTUBHOCTHM, OKa3bIBacT CBOE [JECHCTBUE JBYMs
pPa3JIMYHBIMM, HO B3aUMOJOIOJIHAIOIIMMUA IIyTIMH,
npucrocadnuBas ¢pa3bl pa3BUTHS FOHAJ K U3MEHEHHSM
BHEIHEW Cpelbl U CUHXPOHU3HUPYS PENPOAYKTUBHBIN
HEePUOJT MEXIY 0COOSIMHU OJHOIO M TOTO e BUJA.
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