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Hypothalamus

Adrenal cortex .
Pineal gland

= - Pituitar

\, Y Yy

4" gland
Q
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Figure 4-1 Approximate location of the endocrine glands of the cow
which secrete hormones that regulate reproduction. (Redrawn from Foley et
al. 1972. Dairy Cattle: Principles, Practices, Problems, Profits. Lea and Febiger.)
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Acetate

.
v

Cholesterol

l

Pregnenolone

\

Corticosteroids <+ Progesterone

N\

17>« OH - Progesterone

|

Androstenedione -+ Estrone

I |

Testosterone —= Estradiol

S

Progesterone

o5

Testosterone

o

Estradiol

Figure 4-2 Metabolic pathway
for the synthesis of gonadal steroid
hormones and the chemical struc-
ture of the three most important
sex steroids. (Niswender et al.
1974. Reproduction in Farm Animals.
(3rd ed.) ed. Hafez. Lea and
Febiger.)




xhormonell J|lsat 222

1) primary hormone of reproduction(2iAl2ted Hl 1/E S 2 2)
- MAEZE HEIHE; MACHR, HotsHl &.5Y, 8&8(83 4, B4, Bl
2) secondary hormone of reproduction(d&l2ted H 2918 S =22)
- CIE MA(HANHSH HN-2AEHCZ HAEE 0| HN MAESES &
REEY FH B 12 EBiAL F UNHER
Estrogen Estrane 18 Estradiol-17 beta
Androgen Androstane 19 Testosterone
Progestin Pregnane 21 Progesterone
Glucocorticoidn Pregnane 21 Cortisol

Mineralocorticoid Pregnane 21 Aldosterone

o
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Chemical

Gland Hormone Principal function
class
Gonadotropin releasing hormones
(GnRH) Peptide FSH and LH release
Prolactin inhibiting  factor (PIF) Peptide Prolactin retention
Hypothalamus
Prolactin releasing factor (PRF) Peptide Prolactin release
Corticotropin releasing hormones (CRH)| Peptide ACTH release
Follicle stimulating . @ Follicle growth
Protein @ Estrogen release
hormone (FSH) 3 ) .
Spermiogenesis
] (D Ovulation
Apt?l’lOl’ Luteinizing hormone Protein @ Corpus luteum
Pituitary (3) formation and function
(@ Testosterone release
Prolactin Protein Milk synthesis
Adrenocorticotropin Polypeptide | Release of glucocorticoids




Chemical

Gland Hormone Principal function
class
Posterior . . (D Parturition
Pituitary | Ytocn Pleioiticle @ Milk ejection

(D Mating behavior
(@ Secondary sex characteristics

Estrogens(Estradiol) Steroid 3 Maintenance of female

duct system
@ Mammary growth
Ovary D Mai
. : aintenance of pregnancy
Progestins(Progesterone) | Steroid @ Mammary growth
. : (D Expansion of pelvis

Flglzvdn Polypeptide 2 Dilation of cervix

Inhibin Protein Prevents release of FSH
(D Male malting behavior
(2 Spermatocytogenesis

_ Androgens(Testosterone) | Steroid @ Maintenance of male duct

@ Function of accessory glands

Inhibin Protein Prevents release of FSH




Chemical

Gland Hormone Principal function
class
Adrenal - . . | @D Parturition
Cortex Glucocorticoids(Cortisol) Steroid @ Milk synthesis

Human chorionic

gonadotropin(hCG) Protein | LH-like

(D FSH-like
Protein | @ Supplementary
corpora lutea in mare

Pregnant mare serum
Placenta | gonadotropin (PMSG)

Estrogens
Progestins (See ovary)

Relaxin

presiziglelelin =, Lisie E)Do?eugsrﬁtselapnm
(PGF, a ) g b

@ Parturition

Uterus




4-1. | St==Hl (pituitary Gland)2| MAlZe H19KE SE2
(primary reproductive hormones)
- 29 JIHOIE)0 A= =2 (a bony depression (the sella turcica))0ll 2 X
- HMSIAMOZ L JSEMCE F I 22lE A(gland:iR)0ICH (=8t S2)
(D anterior lobe(& &),
(adenohypophysis : 28I Al Z A (Bg M) <l ok Hl)
- AT BH(EHONH S HIIEZHCZRH Fel

anterior pituitary

(2 posterior lobe(Z &), posterior pituitary
(neurohypophysis @ AZNZA L St==Al)
— BH(EHON 2l I XX Z2H Ref
- LH=HID1s8 ot= A3 72X M Al B U =8l & (neuroendocrine gland)O|

Ct.



__— Neurosecretory cell
Secretory droplet —__ S in hypothalamus

_— Capillary
plexus

_— Hypophyseal
portal vessels

— Anterior
pituitary

Capillary

Posterior
pituitary

Figure 4-3 Relationship between the h\'pothnlmnm and the pituitary
gland. (The pituitary-hypothalamic area is enlarged to permit a more
dc ailed illustration.)
The hypophyseal portal blood system is the route by which GnRH and
 other re leasing hormones of the hypothalamus are transported to the
anterior pituitary.
b. Neurosecretory cells in the hypothalamus secrete oxytocin, which is
transported by carrier proteins as secretory droplets along nerve fibers
to the posterior pituitary.




Hypothalamlc-Pltwtary Interrelationships

GnRH Secretin g\f é_ Hypothal amus Neuro-endocrine Cells

thesis of Releasing Factor
Neurons o | | Syn o
?@ ~\ ﬁ'x}’}\/\lgag‘ o and; Oxytocm
N & 3 @ \ \[_

~Nerve cells which release
\ peptide hormones

Note oxytocin produced here
Hypophyseal Portal Vessels

T/ ot=+=Xl = M

Pituitary Stalk =/ of ==Xl &
Posterior Pituitary

Nerves termmate“in\estalk _
and release GnRH etc .

Superior Hypophyseal o

AE| B S U Arery e,

Portal vessels
carry releasing
hormones to
anterior pituitary

Release of Oxytocin

Release of LH, FSH, into circulation
ACTH, PRL, GH, TSH

‘Neurohypophysis
}Nerve endings come

Anterior Pituitary ’directly from hypothalamus

Adenohypophysis
non-neural tissue
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4-1-1. &lot=H 8Y : 31X 2 HA2A [ 1/E S
(0| =& protein hormones)

1

i ) FSH (follicle stimulating hormone; Y2 X2 S 2
ii) LH (Luteinizing hormone; 84 s2&)

— =210l Al LH—interstitial cell (Leydig cell) stimulating hormone(ICSH=LH;

0z

AENERN= S22)

— FSH2 LH= A& (gonads; A, 42 =251 T =20

gonadotropins (8 & XI1=2 S 2 &)0|C}.
iii) prolactin; SS&4(HS=EN), LHAMHERY(FAH)

2 &)— glucocorticoids&=.

[ol

iv) ACTH (Adrenocorticotropin; 24 0| & XI=2

V) GH (growth hormone; somatotrophin); =2 ¥ 229 4 & =X

VI) TSH (thyroid stimulating hormone); Thyroxin2 =H|Xt=2 2 iodine &F X &
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* Female : 23AUHAM Hot=MEE SE=2 27
1) FSH® HEY SX(HELo 4N A== A=)
@ HILO| Granulosa cell0fl 2|8t estrogen A
@ inhibin &8Hl<by Granulosa cell(FSH2} testosteronedl 2|3l inhibine
/\H/\I-O| Ej})
— inhibin; protein hormone. =310M XS & A.
ALt =218 EA0MEC 2| HHEMON O HO0| 2A.
2) LH— (L)L 2 M X}=2: testosteroneM at— I HatS Stol Al
— (FSH Xt=2 2 2) granulosa cell2 aromatasedl 2Iail A estrogen2& & &t
@ H2AHE(oocyte)l H=; A= 2 N
@ I:IHa*(‘—*DAﬂiE ShE 0t & HE O E)
@ &AM JlswA— &M 3482 =&ot,
2 A ol A |orogesteroneE = HIAIZ.
. prolactintlH & s&E— 20 A= LH receptor site % = A
(LHR =& X £t <)

- FES



3) prolactin
@ LHe S=S&E22 &H 2 LH receptor site SIHFEF)

@ S&(mammary gland) & =4

Lt=Ch; Ol receptor siteE 2 H ot= &&= prolactinO| StL}.
s & FAH(DHHSFE)
4) ACTH(Adrenocorticotropin; S4III & X2 S 2 2)

- L|oteHd 822l &2 protein hormone

EN
-/ —

@D Jls; 24111 & (adrenal cortex)2l glucocrticoidl| &=

— glucocrticoid; 24L& AHZ0|E=2=2| 12— cortisol

)
]

@Jls; 221t B = S

o= OFOF LHJF 0l

= SEHI(HEA) 0l LHOE 2F0F progestrone M At«—ZF XAl 0 LHRIF &
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- Male : 220IA SH5taHEY 5229 o

1) FSH
O HANME2 sertoli cells(KIXIAMZ)0 &ZoHA FALHHM XS &
@ sertoli cell XAt=— inhibin 2t ABP(androgen binding protein;
OtE Z Wl ZgHCHeH &) A At
— inhibin(2& 3| S SIS X LA HE0) + testicular inhibin;
L ovarian inhibin; 2& ol T2kA
- ABP : ZHIAZO Lumen(LiZ)ote 2 2H|—testosteron SEHMIZ Al S AL
2) LH(38: ICSH: interstitial cell stimulating hormone, 2t N EZ X =252 2)
O HA9 2HEXRY U= 2HE M E(leydig cell) Xi= — testosteronedt CHE
androgen &4 At
3) Prolactin
@ LHe 8sS&E22 HA0 A= LH receptor site SIHAIZ
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ol d=Z=zS
— oxytocin, arginine vasopressin, Iysine vasipressin

- ZAEANS FMIHE2 =22 == &2 jit F(milk let-down)& K 2Ff.
@ S0FAIO EHOFDF P%DWI CH GO gal’“ﬂ—.% JotH &S, 0] XH=20| AlH
HOl 2ot AlaSI20 8L E 0 oxytocing 2HIAI2I22, Ol H 2d|=
oxytocinO| A} E% LotH =F[AIH SES2 FLoHA EHOLS 0= 1 = 4F

= =L otlt.

=1y DLDI—T—OHC oxytocin2 Azt 28| =FHE= SIAIZ2=2ZM E XL

A S et =52 S& s

&2 Kol= AZUHEH BIAIEE22 oxytocinlll 26t O HACLCH =,
L= 2 =7 A=0] l_?§7ﬂ01| °|6PO4 AAGHRN MY E ™ oxytocin0Ol =4I
T, 0] A IEQC SEHO HEEMIEE =SAZAOZA SEIZO LHO
ASEH 50| == 0.
—oxytocine 8 =S8 Jlse NBFRZBUA =iES Ed= Fot=0l,
oxcytocinO| AF=20 A prostaglanding U2 ZH|oHH ot & HE EHBHA

SHCH.
—oxytocin® B ERs=0HAN EAZASCH, arginine vasopressin(#if|fRS =
= antidiuretic hormone, ADH)2 ZR==20AN I LBHEQOl HEAZY A OIM,

Ctot B XUl M= lysine vasopressmOI 9r A & U C.

-HIATZY A2 MAZH(BHME, renal tubule) @22 AIIMEZN =00 =22
S4+£ SN [ekA OI sS2=0 25< [i= RELEO O'CH Lt Ct=S &S
Sl Lot 220 BEIHRE =0l 4= dsAldles 52X QUL



Neuro-Endocrine Pathway for Milk Let-Down

Neural Pathway halamus Neuroendocrine Cells
to Hypothalamus Synthesis Oxytocin

”

- Nerve Cells
Sg'":' Posterior Pituitary (Neurohypophysis)
or
Oxytocin stored in nerve terminal

stimulation of nerve releases

oxytocin in capillary

Capillaries
}| Oxytocin

| Release Oxytocin stimulates
in Blood contraction of

( myoepithelial cells
| for milk letdown

Endocrine

Aveoli - Milk
alf Stimulation production
of Mammary Gland of mammary
Same response for oxytocin release during stimulation gland

of cervix through parturition, Al, and clitoral response




4-2. Hypothalamus0il 2| 8t pituitary gland(=Hypophysis)2| Jls =&
Al &2 (Hypothalamus)— 12 XMl 3&/Alol Ol ¥8 =S et 4= AAFNE
M (MBLHE2HIA)O0|CY.

- Lot EEotH HEE N UL

’ ’ ’

= Lot 2 2HH — Hypothalamus® Elot=H 882 A&

L AAGHRS §2&20| Hot+H &

S22 ge= YotH E22 SHol=H 2% (hypophyseal portal vessels)Ol et
SICH. CE8t, Lot MYO2 B S0tJi= HUO U= A|AGIEE HSK0!
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1)

— peptide

— Gonadotropi

(Gonadotropin releasing hormone: 88 A= S22 Y& S22)
£ S 2 2—>GnRH (Gonadotropin releasing hormone:
A

gt
dEX=2s22 8E S22); WAL H2UHA 22, EHE.
n A

B FSHL} LHE & & Ad|le 2==20| =2|%
H-releasing hormone)

ISt & Ql SHe=E 242t 50tUKX
OF, FSHS LHE HEY efEs=2=2 SHII SfZ RHAIStL.

(=22 AEZ U GnRHIL S LotH FSH, LH Z=0l 2tH)

GnRH; OtOl=&F 1000 B &, 2AtE 1.200 «-BF=D|JF LHE L &l L,

L

; = Atg 26.000, OOl &F %

Ol&0ll= tlo
g

o
£0
o
[r
0=
U —

— GnRH-A (analog) Z2& 0l Al 2t= GnRH.

- GNRHJF LHECH SR E &1, 2165t
Chg =

(@) L
b Elot=H AT AT - HASS0 2l A0A LH
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2) (Prolactin releasing factor)

3) (Prolactin inhiblting factor)
- Zot=MAMEE0AN S0l &= prolacting 2=t HHE £ &.

4) (corticotropin releasing hormone; £4/10
- ACTH &= 4!,
— (Adrenocorticotropin); Slot=M &S00 A 28Hl— polypeptide—
g

glucocorticoids®| &= F&l
(cortisol(steriod))«— 22, RS A
- 0lder =5 2=22 M2H JIsl  Yst HAXOl 84 & Holdl,
OlHE2 =xz¢6ZHL WHEHIHS J|lsS &E8otle JA2E SRotlh



— Al &BHR0l A= Supraoptic nuclei 2+ Paraventricular nuclei
= HI Ml 2, nenurosecretory cells) I Al A4 &t
= Oxytocin 2 AAGIRHA &4 & Cot=M SSUWUHNA BMH JAs AMEES
(Axon)E et 28I & (Secretory droplets)2 2 M & Xl Protein(carrier protein)0fl

Ololl 0l =%l O &ILCH.

= ABAL Az 20 Ue A= A B

B Ol < (never ending) 0l Al Oxytocin0| 2= =IC},



4-3. Gonads(&&: A, LtA)O Hormones

Class Hormone

Estrogen | Estraiol—=17f, Estraiol, Estrone

Female
Progesterone, 1/—-Hydroxyprogesterone,

Progestins 20B-dihydroprogesterone

Male Androgens | Testosterone, Androstenedine, Dihydrotestosterone
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> Action of FSH
©-6- Action of LH
——— Negative feedback

—— Positive feedback Hypothalamus <-—_

GnRH Ny
el N\
T N\
s \
- i 3
Anterior pituitary R
Positive __yFSH LH Ne;jative
feedback Inhibin feedback
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Figure 4-5 Relationship between the hypothalamic releasing hor-

mones, gonadotropins, and ovarian hormones in regulating reproduc-

tive function.

a. GnRH from the hypothalamus stimulates the release of FSH and LH
from the anterior pituitary.

b. FSH stimulates production of estradiol and inhibin by granulosa cells
in the ovarian follicle.

. Inhibin selectively inhibits release of FSH.

d. When progesterone is low, high concentrations of estradiol stimulate a
greater surge of GnRH, FSH, and LH, a positive feedback control.

e. LH stimulates production and release of progesterone by granulosa
cells in the corpus luteum.

f. High concentrations of progesterone inhibit the release of GnRH, FSH,
and LH, a negative feedback control.
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4-3—-1. Female
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Steroid group
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= ProgestinOl Lt Progestinit androgen® Z2&°2 s&JF =2 ™ GnRH, FSH, LHE

St = %=} (a negative feedback control).
X122t 2XH - Progesterones < | (2tXJF S0 WH20)
Estrogen s < 1 (Y4 Z 0| A Estrogen 24|)
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- EHMES IS OUESSAMEZLE, QU AN ETZL

sElle 5 AMEI&E2 V02l 2E
2 »

O] 8H0fl LHE 2t Ml X (theca interna cell) = BH&tS 0] 2SI M ZEDF =ICF

— SHAl, HEF, SO EMAMEN= =HQI0] 8ILH- &4
Ees HEASAAMEL0 Z2U XMoo O

—)E X6 2Bt o 2 NE AN ZHAN Sl D, SHIQIMHAZS Xl P Elo
NEDb 2o (HEES X KXotes 21 g BoIC
-2 MMHMEZE= HMZEUWHAH Uz AEE=S B2 2 ot progesterone= &4

=% 2FA

i

LHIZ O] D OENIE (granulosa cell)= BICHEI HA MIEZS0| 2HAHA|

(@)
ol 2HQl(lutein; A&, &, SASS-SM) ) X H(fat droplet)S 2 &I Of



3) inhibin; protein hormone<—“tZ | /= granulosa cell0il A BtS X &l

.

192 FSH S Al

X
|

_&EH

- Lot H MHe 22 H

=
o

ot
LS

LH S X

L 2
inhibin2 =2 =

FSHEZH LHE| =B WM A= U= BHe

O= LIEtLI=

A~
—

0

= GnRH

oll

iy

a)
Ryl

s

nJ

Ll

ol

X0l E

- otktel GnRH — FSH, LH &

I

A A

I

12+ EH E

25
MATEIIHO O

, polypeptide hormone —

=
(=

P )

UK 8

HA HEoHH 4ol M

0

=10
)
HH

Ho

K0
o

7o)

a{l
J|

ol

e

nJ

Rl

= )|

4

oll
00

o)

o

oD

= Relaxin + Estrogen &

m

Al EHOFIE HiF A Lt

I

oJ

IH

<
K
K0
X0
J

OF

010
LH

O
Bl
ed

OF

iii )



4-3-1. Follicular fluid (liquor folliculi) -IL o4
— granulosa cells& &1 U= M3X HES| HEZE IS HE N
- JIHYE SolM SHe HEHN 2A0I0 S A It &2 Xt
KRER WO JUTOINYS SHCZ NRSH WE.
- Jeflt, & plasma proteins(& & SHBHANE2 2 XHEF0] HH A (> 1,000,000 MW)
JI N2 SUotAl 2ot M= ST
» L0l = testosterone, estradiol, progesteronE E&6l= Steroid HAS ==
O =G =)
 testosteron (X2 U AIE)
progestin(progesteron) (& Xl 2 granulosa cell)
=S SN StEH AT SXE0| &0tA IS So— SHIZ N 2L
SCE EWUNAN BO HZHUAN XN O =0 =2
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= IO A= 0l (02t granulosa cell@ ==JF &It — LM O| testosteronel)
=T |, estradiols &

= HEMY= LHsE ], FSHSs X

- 0l%=; LH= JIesel a9 M2l Z2eot= BFHN granulosa celllil=

FSH2F LHS| receptor sitedl 25 AUJ| T =O0]|LCt.
= |He UHYEHUHM(E2UAE) testosterones GHE D, FSHE LWL

L granulosa cell0il Al estradiolZ BRI S0 HHIEZHN = FSHS

STt LHE =20 =L,
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5} oH
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4-3-2. Male

. , A9 A XA (Leydig cell)HA MAt—LHS X=(F&:
stimulation)

» 4=8F =219| androgen =&2 (male sex hormone)
— Dihydrotestosterone — L XXX A L0 LA sA =EQ)

— (peripheral tissue) — testosteroneO| JIAl & &0l E& DI &
22, A — testosterone 20l » EEI|2(LEZXA) A=
enzyme | > DihydrotestosteroneO| £ Lkt.
L ba-reductase; 01248t 40t L= E0 Z LI testosterone
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Hypothalamus
-»—% Action of FSH l N
©-6- Action of LH GnRH
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Negative feedback \\'\ )@ﬂ I
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Spermatogonia

Sertoli cells
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Figure 4-6 Interrelationship of the hormones regulating reproduction in

the male.

a. GnRH from the hypothalamus stimulates the release of FSH and LH
from the anterior pituitary.

b. LH stimulates the Leydig cells to produce testosterone.

c. High concentrations of testosterone inhibit the release of GnRH, FSH,
and LH, whereas low levels of testosterone permit these hormones to
be released, a negative feedback control.

. FSH stimulates the Sertoli cells to produce inhibin and androgen-
binding protein.

. Inhibin inhibits the release of FSH.

. Androgen-binding protein binds testosterone in the seminiferous
tubules, assuring a supply for continuance of spermatogenesis.
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(Human chorionic gonadotropin);
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)& P2 =& arachidonic acid(20—carbon
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4-6. Reproductive Role of
. Prostaglandins—>II N ONEERS,
K| BFAH
-SE2 HE, SEECZ FodIlle 288 L S&H(gland)Lt Z& O
N AL X 20| &
= Prostaglandins— Xt2(female) E= <& (male)il A= HIZS0f 2o A4 A
- HE2EE22 832 USHE EA(K2)HA 2R2HCzZ &8
- E 3L, S0 02 ZE0ILE J120 Je AHE U
= Prostaglandins &2 ==50| &l st
- IRs= HE2 st SUotH 242 2F 90% At A
» SIS EPAARO XOIEU 2HE FH EZ parent prostaglandins &t&fE20| #&
ElHME =Lt O0l= compound =;
stNoz ERJ|s

~ Prostaglandin E series (PGE)
L Prostaglandin F series (PGF)J} A4 2]
- HAID DR Y E S & compound; @ PGF2a, @ PGE2,
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43 - 235 AF
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20 CHAFEI X 20 M I MEEH B2 EXE EIHAIZICH

—2HE EdAII= VN2 PGF2a)t E2 ==kl HEot0] S M0 CHet SRS
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L, PGE2= PGF2alt= Btz &= &A= #E01 JAJ| =20 EXe

g s RLSHA 260}
—E8t, PGF2a= M AIZ0 A progesteronell &&= AT HNE ANot=0,
Ol= PGF2alt 2dAHISetAE & A(cholesterol systhetase)2l &4 S

Iz HAHIES &2=20] SdAHES gd= S MHor)| IH=0ILC.

-Lield PGF2a=2t OtLlct 2IF=2FH S0 2/0ld PGF2aeh 258 X E &
AEs JHAU= A0l rat, B, B, &, &, WAl S 0l 2 s=20AH =25

AL



Prostaglandin F2a Control of Luteolysis
Uterine Horn

Prostaglandin synthesis
by uterine endometrium
is released into the
uterine vein.

Progesterone from
CL stimulates
production of
uterine PGF2a after

o day 15 in cow

During Pregnancy - , Oviduct

Embryo produces
Chemical signals
to either inhibit
PGF2a production
or release to
prevent CL death

PGF2a delivered to
ovary to regress CL

Uterine
Vein

Ovarian Pedicle

Through counter-
current exchange
PGF2a moves

PGF2a is picked up by into artery
ovarian artery and PGF into Artery
delivered back to the Uterine Artery

ovary where it causes
lysis of the CL
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SHIEIBAIDIR 2ECH PGE2- M E R6HH & (PGF2a- & X &l &)
— PGE29] antiluteolytic action(&t iﬁﬂili’&%)% S EHE 2OT| = PGF2a
E 90tN =DM 2 FAAIZICEH &, PGF2aJt ElHAII|HE A=

PGE2J} &) 20Ul CHAl &0l @ X &£ 10, 2&l0
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el et 0= 0 et
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rostaglandin &A.

Aot=0l prostaglandin2l S0 CHoll A <F2+2] S0t

A (bul)ICH PGF2aZ = Aot LHS testosterone0l 2
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Pineal gland —__

— Suprachiasmatic
nuclei

Sympathic melatonin
Innervation

— Photic signals

Superior —
cervical
ganglia

Retinohypothalamic
tfract

Figure 44 Mechanism by which photoperiod regulates secretion of
melatonin from the pineal gland. Nerve impulses resulting from photic
signals to the eye are tr ansmntlcd from the retina along the retinohypo-
thalamic tract to the suprachiasmatic nuclei and then to the superior cer-
vical ganglia, and from there to the pineal gland via sympathetic nerve
stimulation.
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Gonadotropin
1st Messenger

Receptor
Adenylate cyclase

2nd
Messenger

cAMP & . Nucleus

Activation of steroid-
producing enzymes

estradiol

testosterone P Secretion
progesterone

\w/

Figure 4-8 Intracellular mechanisms by which gonadotropins stimulate
production of reproductive steroids.
a. The gonadotropic hormone (first messenger) binds to the membrane
receptor, which
. activates adenylate cyclase, which
. converts ATP to cAMP.
. ¢cAMP (second messenger) stimulates a series of reactions which acti-
vate steroid-producing enzymes, resulting in
. production of estradiol, progesterone, or testosterone which is
. secreted into the bloodstream.




< Steroid hormone (S)

Cell membrane

Nucleus

\\ Protein synthesis

Figure 4-9 Intracellular mechanism by which steroid hormones have

their action on target cells.

a. The steroid hormone (S) passes through the cellular membrane and
cv loplasm and binds to a protein receptor (R) in the nucleus.

b. The protein-receptor complex stimulates synthesis of mRNA.

c. mRNA translocates to the cytoplasm, where it directs synthesis of spe-
cific pmlclns.

d. The new protein is responsible for the action of the steroid hormone on
the target tissue.




® s Xale =2 M A2E ZE 3= hormone
@ ot S =222 £=2MXAE T&Eol=0 F JIX s 222 §s&:=
@ LE 2= +=EXIUR/UE LEOl= S 2=
Up-regulation o % sZ2&z0 gt ==X 2 =2 regulateril 2ol
Down-regulation = ZSJIAIIIHLE L= 2AAI=IHE dHlFE S

= FSH — S0l M KH&L2] receptorsE Up-regulation
— estradiol2] s JF SItotH Al Y &Lt
» FSH+estradiol 8 =s&&— LHOl CHet HHE 2| receptorE Up-regulation
= LH — XHJIRHALC] receptorE Down-regulation
— BFAHY| prolactinOll CHet receptor= Up-—regulation
- MO 2EEIH M prolactin® LHO CHSt recrptorsE SIH Al
(LHOI LHRE =0ld= X2 Y X5tHA)

» 2| 0|22 rat ovary2l H7E SHA SZCUCL(0] dele T2 INSUHAME =
=€ A 2CH)



= LH - HO LEAUMN KHAI2] receptorsE Down-regulation.
— HY - S8 0] EE prolactin0| 80l= XIHE %= SlC.
— prolacting B39 &MU A LHRE S Xlot= EE.
= =3 UH M FSH 2Hl - A2 XX AME(sertoli cells)ll A= FSHR=+=Z
Down-regulation.
= Leydig cel(@A9 2ZHEME)N U= LHRE LAIEQ =IF S LHO E00 2
of A8ttt &Lt prolactinO| Leydlg celll U= LHRE =& = = AIAIZ2ILC}.
- 0] &=2 AWM HEE, prolactinOl LHIF LHRE =Z0ld= 232 20HA

OIO.|L|_

> OIX|

Al HEotAl &Lt
* GnRH — J,IoP—.—JHI G0 A= A
- GnRH s&Jt 228 (R0

— GHRH o_l_

— 2t8 Ao

—/

— 0O

It
al:;

22 0A Olcdet
(et Al &l o= Al
ofl & Ct.

LHROI CHet G

=

19| receptorE

m] N ENIPS S|
LS T /M-

Ol Up-regulation0f 2|t 219l

NS |

. —

£92l) - GnRHR | (Down-regulation)
(AHEQ) or 2 X0 22— GnRHRT (Up-regulation)
Me|EAMEHE BE AIZICH.
GnRH2F LHE Zt& &0l 2350 &1 =30AN 5
2LdAHLIY| THE
EXMOl 222 LHLHEHO| I ¢ o A= 2oL,
HAO(GNRHRE =Jt= =% 0f etAl) GnRHOlI = 212



Estrodiol : GnRHRO| CHiet GnRHE 2t& &0l 2352 stE =0QIC
progesteroneO| L} progesterone + Estrodiol 2 Z2&t=2 — GnRH SJiEtS=2 <

Cot=X™E S U A= Estrogen receptor s&== &S estrogen SCol NE #

Esrtogen R—, progesterone R— —A|&oI22 Zlot=MHE SN QUL
— 0|2 (receptor)0] O0ldst AHIZO0IE S22 20| AAGIESR Sote=MHAEY &Z=
0l feedback controlES &&|6tli= JI&E 9 Hta S N ZEHCH
AA=20 Jq= estrogen — estrogen-R2 progesterone R-2

2 < Up-regulation
- =22 20l A estradiol2 Z &H(binding)0l 21— Oxytocin receptorg &I}t
AI2ICF,
=0 /= progesterone — estrogen-RE =& E &2 AIH ME estrogen—R
O] %I-/\-IO UF@H%I—E}
— progesterone — estrogen receptor|,—»2t& & 22 Oxytocin receptore
Down-regulation.
— 0|28t mechanism= Soi M — progesterone=2 OxytocinOll CHet receptorE
Down-regulation.
estrogen — X220 M2 Oxytocin? S HE SIHAIZICH.
progesterone — Oxytocin2| Bt A Xl.
L— estrogen receptorl|— Oxytocin receptor| —=XA=Z2==8X| —



S =2 +=Zxl(receptor) : = hormonesEJt =0tE E&D| &
H MEZWZ hormone=S &O0t=0| Xl 2 =L,
@ Hotel Yh&t 4 estrogen(estrodiol) A — H2t, A2 &<
HelFH 2t 4 L progesteroneFTAF — Lt X2 &g
SIHEAL — 2 X2 S A S e
=2 M2 5% EAl:f mole protein/DNA(mMg)—>AIZE 1JH LISl DNAZE =
AT LdHBICH

p mole

= GnNRH — GnRHRE =&,
- Oz &£ GnRHRI| 2 A (Down-regulation)

| : GnRHR1T =JHUp-regulation)

EEC EQGIEH LHES.
GNRHRE Me|&d == H2ALHUHIA SIHAIZIC.
(LHE)EHH — Estrogen, progesterone =41.
L——1 combination : GnRHR | 24
M AU Estrogen receptordt U0 Ok

—

= Estrogen — GnRHR ZJt1— %Zlot=H
GnRH = JAI2!C}.

= Estrogen, progesterone — hypothalamus®l O|=2| receptordt {ULE.
—12H0kBF Ol =2l negative feedback controlO| JI=.



4-9. SE= HEZ9 HIXZUW J|AE (Intracellular Mechanism of Hormone Action)
= gonadotropins (FSH, LH)Ol @ ANIZ=2EH S48t Bt82 XA=0ot= st
82 A9 “second messenger" system(Xl 2 messengerH)E #=Bt&tC}.

= first messenger(Xl 1 messenger)= S 2& 1 AtAM O|CY.
= gonadotropinO| MIZ2H0 & U= receptorlll Z2&otH & H,

— membrane—bound Enzyme (adenylate cyclase)= &4 3t Al 2! C}.

— 2t & 3tE 0l Enzyme ATP (adenosine Triphosphste)

(adenylate cyclase) — | & &2 A= (MEZ2 MZEUH M)
Camp (cyclic adenosin monophosphate)
- (second messenger)
— Z HHE Soi M cAMP( second messenger)= steroid HAIS =&
2 & 4d3tAIZICH

= LH - Leyding cell(& A)0|Lt thecal cell(&tA) 0 28 — second messengerH|

(estradiol, progesterone)2| A AN & REH EnzymesS

-_

E 2rd3lA|H — testosterone=S M At



LH — 22X 2l granulosa cellil _l= membrane—bound receptortf 2 g'.

—progesterone= A A,
= NIZO0A cAMPLl S A= X288 2| hormone—-receptor complexe= HE A &

()

=X & BEL(FES; AEZE WOl E=DH0 SdE= £ It SHIF JALH)

T T

= (Steroid) - AHIZ0|E Al S22 (estradiol, progesterone, testosterone)
J

— NHIEZLH &= J|& @ membrane receptorlLt second messenger

system= L &olAl &=L,
= AHIZ20|1E S22 - HMEYSI - EAEHEL MEEN U= protein receptor
Ol Z2& — steroid—receptor complex = MIZE WA HOZ 0|S(EE) —> ST

ol U= DNAZEE — EE St mRNA(messenger ribonucleic acid) = Xt2| A Al &

Ch Al iIE Z20ls — HIIAN MZ& protein &4
O]

M&EH &4d= protein EEAMNZNH U

=0 O

>

=
=
O|O I
E— —

Ct —
steroid =2 =2=2| M2|& &== otlt.



L 2|2 (Endocrine);

-S=M2 S5t TAOILE J| 2 (AR h#R<endocrine glamd>)0lA &4 -FH|E
=& (hormone)0| EXst C2(EE, duct)S HXX &, ZE MLt S
(lymph)E Bt MK THE 2R (REREE, target organ)E 28t 11 E<92
M| AES AUH-A&Eot= A= 2LotH, 0l2et JIs= LiEtUe S2=E s2=2
(hormone) Ol et &tCt.

-=, SHIHHM 28D s S48 222 S22(hormone)0l2t otH, S E 22
KEHE 20 Me|& 2= 23ot= AlXe 2fIE EXI|&0(t st

-l 2Hl= 2HI20] S8 S22 Sol ME(FER) = LA E 2EtD =
Q| 2HI| (444, external secretion)dl CHHIEl= Z0{0|Ct.

-l 262t 80Hs 2222 (glucorse) It 2ZHE M Moz NE SELe= &
abl 20l A& UM A= =220 TS dR7otAl £, 88 o2 =L
= SAS UEHD| {6t Z2A9 C. Bernard(1855)JF =2 AlEold=dl,
sdlle HEHIHUHAMN SE20| MY (= W)z MY dE=L = a0
of B AFE &= 0| LBHAE 0| Ct,



L 24| & (endocrine gland);

-2 H| & (secretory gland) JI20 =2H 22 28tols T20| A0A 2HS

(hormone)2 M (EMH L SO)So=z UH=0t= SEHQ SHIHES LSt

—I—H|EO| A2 Sot0 2EtE = A=Z6IA (942 AR, exocrine gland)dl CHES &
2 0{0|C}.

—i%%%P— HEH A= ZIot=HM(BET =SS, hypophysis), & (FAFHER,
pineal gland), & (R, thymus gland), 2& & (B ARAR, thyroid gland), 24t
S (B Ak BR, parathyroid gland), £4&(81%, adrenal gland), I & (B,
pancreas)2 & HZ28tA A (islet of Langerhans), A (¥4, testes) & LEA (IR &,
ovary) S0| ULCH.

S22 (Hormone);

MM SEFE D120l =&, £= ZHUHS HMENAN S48 OS, HH(EH
U ZHTM)E ElD AN O2 BE/=2 28D O E99 &so|u Mel=
Hol SEs &2 0IXl= S48 FIISES2 SAOH S=220(|ct] Stih.
fHormone,Ol2t= EH= fIHHLEA ot= A = 24,0lct= 201 Jt
& JelAN fopmmaw, M SHEU=M, E. H. Starling(1905)0l /5t = =
2 MEZ UL

;.,
>
1
Qj
Ir



- SE29 HoE U)ol &t EA;
D SE2 MANIIZO 3,

P 222 MAUoA S=0otH =at= =M,
endocrme cell)HIAM A -Z2HISCH. 043|01|“ Gl2AIF S0 [
= f=ot= & otLIOICH WEHIMZEWA S4dE S22 & (
secrytory granule)2 A0t MIEZZUWH ETHENH Us MEAD|2(MEENEE,
oranelle)t H2|ZIH, S22 NH= 2 2XHAEHOI A LP CHenal ] =8f
o &Moot BRI E24l, 0Id== Zdl=E2(prehormone)0let] SHCE,
=0 A& T S=E=2 EollLt StsfHHSE B0t s 222 7/
clE S =22 &ak(diffusion)0lLE Mol I =HI (B8O 20k, exocyto )
ol M=z U=, TY S22 MAHlzE= MESeZ =5 X =ot)| O
20 ZHsE22 M= s2200 Z&8E X =L, :laﬂJ A'JHIEI CHE &0 A
SQst T S=2=2C2EH U2 £E89 s220| MAL Lo SUst S22
Ol HAHASZFS NMENWA SEEH=E 2RI LHE 0 EEPEP QE LH = 5| Al I£ 2t 2

220
2HE 20 JISE AHD 20| st A2 2= O, WS =EE
A

=

==
|

=)

A H M0 HI]
[
e ||
=)

o
=
1© 40 | <!

7
)
%

== ZtHE LIEL
LH D QUCH H=20I, MBME(heuron)E SHIJ|lsS I LD MHES2HSES =6t
Cl= AFAIO| S45{ &0 el AlEd2HI S8 S =229 P8 E 2ss 0| ECH 1O
AL, L=sE0l= AlAGHR (hypothalamUS) Ol MANEWMN SHIE= AE=ZEI=E
U 20| s 2=222K°2 Jls A= dlEFHI=2E2 dds2=0/2) 2
AN 22222 FZ oA Bt _1—@ AMZBOl AlEHA(synapse)2t AI=HEZ &0l AlA
M2 & (neurotransmitter)2 LM OZ S 220 ESAIIKNse =0
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S229 3EH 2= WA, BEIS, 012 ¥ XNE S2= e U2sd, ©
HEUS=2O 2FE MeotlsE 25 St H LRI S MK L, S 2=28H0] JHK
= 28X AXE= OHAMA AN UK 2% Hets , s2=22 22 S0
26t R M= fE=8 |RIIGES,0/etD & =50l Ct 0 I fS=8,0l
ct= dEM=E 2222 HE0| =0l 0822 HAHMNEZN e 2 S=+ct 2SS
SEEtl= 20IZ2 AMSEC 8, S2=201 EEAMES JIsS Xidls 2ED|
d2 HEMNZ0 A= =SH(ZE%E, receptor, SEE S 221 S0/F0/1), &6t
d0| =2 Z2Es= Jtd ) ZESCZN HAHSH U S 2=2= EHA
L0 dEHMO2 S=AII|LD, ==& S2=22 IHAH0ERE(Cascade reation)
AAS 2= MEUEIS RIIAA BEANES JissS ZEEUOIAIAOIERS
EX).

HE S AHZO0IESZE22 S22 MEZZH-EXMIt ZEGH SEHE
A=, 0 SEHIF A2 SN ZHECZN HAIE 2EIFAHA ME2
MRNA, O LIJtAE 8A4HRE, 2AHME & ZHHMEO 40| HAIZH, 1
2 HRMENAE 2=2=8E0] £, AL, BElE2=22 dF= ME
Of0oll ARGt =S M2t Z80t0 Ot &tetet S 2~ (adenylate cyclase)E &4 3}
AA MZLHS SAAMP(CAMP) dd S SLAIIE2N S2=22 HE=S L el



F A M (REEM; Broodliness)

—F A0t S0l SXI0 &0 =S = Eet(3mdl; incubation) 2t £3tE 202
2
©

g JI2= |F (B8 breeding)ctl] ot= 20X =S &N 2= Z2M, &

A

4
L
oI

(BFMEABE; maternal instinct) 2l

-0
0

™[O

-FHAHEES AL AesE SSE= MASE, 2EH S)0AME 10~150H2 22 &
ctot™ S X0l HISoHA 20 €= SH &1, 218 = Ratel HOtelE sttt

—EetAle] S22 L& =01 JH0] O3 o2 W, 8= HNE2= AR ?Aot
H, =AMl Oladgt &clz 02l E FEe 2542l 2 =2 Otlch &=
ot 282 = =L

- L, 28X 222 A2 Mg eXet SE S LIEHWA &=

—FHAH0| LHEE H2 MoK 2282 MMetHUHME ZHMEC SHA 22
ot& &gt &0 OfLILY.

- FHAad2 REEE otLOlXe, =2 H=8IE=S0l 2ot X8iEl 0 UALCE.

-Zet2 Zfot=HM MEUA ZHlE= prolactin® HIEAHQ SO0 MetA E & &
1, IESE ZHIC HEW S8=5=2=(GTH) 412 2140 Tet XI=EICt.

—Flads L U= SE2 ZEHE2 A=A URAELE Fads RIIE
= UAEH FHAH0| Sl &2 0/20] SJtsotlt.



FSH (Follicle stimulating hormone; HZ X252 &)
—Loted MEO SIISHME Jt20 d8X=MENA 20 5= SHRES
Z220|LC}.

- M ME|EHE; FSH=E AN Ue HIES SFW =S =5t
0|2t Z20|FSHIOF Q| &t== A=A KX|BH FSH $H=s2 2= Y E 2EXQ|

=

H=A9|Kl= 20olH, estrogenl 2HIE LI X Xot=0dl, LHS g&E6H0A
0= JIs=S —.—i‘!@l}. LSt FSHE HAEZ A 4_%&%0; éﬂC”/HIEBP nl;
SOFNIE N 22610 FSH =2/ =0 otL| 2t LHO =2 < Z=JAI2ICH. S8t

bH et G O*A—IA—I tHO0AS SlEEELMSES A=0otl, ‘:F——rl/dl_ﬁ._% = &A=

—-’.‘-?dOilkI-o-l He|HE; FSH E A0 SHAE2 ol A= HiOtAIZE (germinal
cel)2 EE 32.‘-&6} H, EANEdUE0E &S 0N M2XAE 2 A EDX

o gME F&XSHCEH 1L, OI§O1I 2dHLI= X*IP%“\*EWOI Z=HH=
androgenOl 2/5t0d XIBHEICH, &£t FSH=E NIEEC2IMES A=0610 otEZ A
Z SIS A (ABP) 1t inhibin® £HIE i‘&é Ct. ABP= T—HIX*EF LHOAl OtE=2
M HEtsto=z M ZHE2US EZ2H ST E =H SAIAIAH FES ZHD|
s0| 0120 & = UEE s=L1.



LH (Luteinizing hormone; X84
-ColEMd Mgol |20 EME

N 28I &= 88 X=2SZ22(gonadotropin, GTH)2| & SR 2 A, St S =

=0[C}.

- HN= B0 2tEMES A=0tH AEZHE 2HIAII = de|HES JHA
D AJ| 2ol 2EANEZX=S Z = (interstitial stimulating hormone, ICSH)O0| et
J 2EL

- AANAN= FSH SSHECZ HEE 2AM5| HSAIH GO HAEZHS
SHIAIZICEH O HIAEZH



uI t'“DI—_r‘ (Feedback mechanism);
AD|IsO 2t E I &8I Ol

9"01|/\-I ot EH0M S0 = SEMYEHdS=22(LH, ICSH)0| 3A2 2+
7"/HI £ N=26t] androgen-I ﬂ—tH% A=20l1d, SHIE GtEZH2 A|AGHR 2
i*ﬂloﬂ/\*ga% HE=ES=2(LHRH)2 2HIE NS = }M LHSl 2HIE < HIst
Ct. Ol2F 20| o< § =9l OFCEI“OH Olold ARS22Q01 LHO 24|JF LA

b= AsS 2AE)2 0= OlE‘J otC}t.

A= 20 2Ot EMHotH XM SHIE = progesteroneil 2|t
O W& J|RII &€sE N ot A& X=5 2 2(gonadotropin; GTH)
HIOF SRS CH deflt, 2A&FI|o Mt 20 &HMIF ElHEH 2o I =UH
Ol oHMISIOf Db &Y o6t et estrogenOI =Hl & =dl, 0] HIAEZHEEZ
CISHEMAHO H(E)S IEMAMZOR |H-2=(LH-surge)S | T 8HL.

-5tH, GTHEHI= St HMA A C‘HIJ,I“ GTHDP AE AAGIEN &Sl
S GTHS XA=202 MAIHHA SHIE 4 AHZ0ESZ20 28 I
o5tol ZHL =M, S ':%'Eul':”“(short loop feedback), £XS &

II| =84 (long—-loop feedback)0l2t1) &L}
—etMd, 88X 2SE2(FSHSY LH)2 IF £= a2 I|E%) &Hz = HE=2
O EsS E& ZBIIMU 2ot SHIJ0F & S CF.

AT 1T
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