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REL+AEARATNAAZEZ+E SRARRBYREHRTEGAXZRCHER
AW BMERERANSWZERRIER | P @RS 38~64 B

SR TARLIMT LR RAEF
4 s Z g HAE R

e RERAFLENS &

1 =

BEMTRESEABEBILLER  TRAETIREEEREZ S WHE
tho FAUREEECHT A - LEBARA » B TIRERKERBR M
BB R PIBEME % (hypothalamo-hypophysial system) BIER TiRmL%
FEMSEE - BEMTREBECIEHEE TR (adenohypophysis) R ji#
R TAR (neurohypophysis) R AERAD » R RFSRRMEMERK » £E
S BYE (RPD) ~ &I (PPD) RMEE (PI) o RPD F¥ AW ACTH K&
f£5.% (PRL) k. TSH ; PPD RI@#EHF GH LIR GtH (s)BFEHIE £
o TR PI» A REEMAS » 2k PoH+ve 43 MSH » [ij PAS+ve &
BRAEEAEFRRREENREEZREEAR » ABRAHE -

TREHRE (PON) RESH R TRR Z B BRHERE » N A
BT iR 2 TR 5 I B SR 6 » BT 4 W arginine vasotocin J isotocin &
BE AEYELEHMRKZTBILME  HEERN (F) 2EB -

BETREEME R » 5 AIHRE RERKTIRZ PD & Plo [ TiR
E—ETRAER | BETHREERTRERRE FRHBRZRZMH
HFERTRWEEEE - 2 RETIROMRBHESZL B type A f0
BWfE » RENEBEGREED WM & MKk FR 25 B a5 W i LU &
T R E 2 5 W RFE I ©

B R RERAE S WHOTHS SR B E BB o (R R R (GtH)
ZAEBGRE » XFEKFE (GnRH) RIMFIFEZFHE o 14t » GtH o
RARRMR ~ IR F R A B MR (catecholamine) %7 FE » B# GtH
B ERRERSRZ AEETRE o BEWAERAER (ACTH) Ry U
» EHAFWKRF (CRF) p93H47 » CRF & H NLT RiR#I#% o ACTH J
B2 B E 3K (corticoids) fERT 788 /A 2 4 B (U R S SR AR A9 (E R
s SE BRI E BT AR AEREER o

N GtH 25 WHRE » RTIREZ GnRH A » 384 GnlF o £ B4
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(DA) E#ABIHZ— ML GnlF fENWHE o L4t » ZEEEER (acetylcho-
line) FEIEH GtH 4 » THIER EIRFERE EWRFRERE (085 &)
GtH Wz {1 o (Rt © ME Q)& GnRH L4 (analogues) F1{2) i ¥
A T B 3)ER D SRR IR EHRSR R IR (agonists)
OIEETREZ W ELWURCF AEEM S ESEAZE » EE8R
BB AEEE R ZFHE -

A =
T =L R LT TTE T P PP S PPN 39
TN S TR B I D W Z I rerrerrrererersarsrrnininnanieanaan 40
SN T R MR E D BT oereererrrererrrrrrarerimamei. 45
Y N €37 & A O LT T e 45
O I o (R R R IB I Z e vverrerrerrrerrennenrnnnr st enans 47
ORI T D W TAETE R veeeeeerrrerersrnrenirinrnneeiereesneriinnan 49
(A ST S W R TR R E 2 M ereeereriereresrnennens 53
PO N B FH TR +oeeererresnnnnrassenetnseermntunieieseseeeseesssisteesseseesnnnrsssnases 58
—~ A 5

BEMK EHERENKETEDY » RELSMAE « HEBHHBEE LB LS
R HFWMBEZI TRE—RTRAFE | » EREAEPFHAREWRNE | QKRS
5 (Agnatha; jawless fishes) —RERBEHZRETHEY » NEEE (hagfish) A
H &8 (lamprey) % o Q)#kF 38 (Chondrichthyes)—— {2 {E A #E%E (Elasmobranches)
s TN (Selachii) FI4EHR (Bathoidae) £ o (3)FIAEAEHIE (primitive actinopterygian
fishes) &S (Acipenseriformes) Fi4E T (Holostei) f¥F% o WHEFHEE
(Teleosts)——p0&8 (the eel) F{E@B&H (the molly, Poecilia latipinna) % o (5)fEfEH
# (Crossopterygians)——#gb &8 [ A& HEM | AEKS » Fln [ (Dipnoi) ~ g
58 (Coelacanthiforms) % o ﬁrﬁﬁjﬁ%@\EZH%T%%iﬁfﬂyjﬁE s Holmes and Ball
RIC (1974) » BREBEA L 2ER R > MURMACZHERALE » ELEHFEE
RELE P RERATWRAERANSEE o

FF s » BATRR (the pituitary; hypophysis cerebri) &4 W4 B I E
(trophic hormones) » FALIGREIRMIEHEIYZ AERN 5 WIRHOET ~ SRR WIHE
HUFAGESRARENER - AHNEBEBLEE - A5 WHERS W 2 F (hormones)
WEM» BEMEZz » SFEMKENT @ OFEEER (morphogenic) ITjfE ; QB HE
4 #y (kinetic) THEE ; (3)fREHAY (metabolic) AR (4)IFREE4RY (behavioural) LhEE%
HYE HRREI(EH o ME B E (AR ) WA oW » HEENMEaETREE
REEHIEET - Hibt > FHEBYNRTREGBREHYRSWANER (master gland)
» EARMBEYEE [ AEERE | (homeostasis) ~ HEHAERNBEREFAEM o &
REE TR Z S W > EEHMENSWHTFHEE o
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B RS P9 23 Wh oz 3R ENGE 2 & MR (0 W) LA A DhgE—— 2 JB I — FE 2 12
Ry EIE (long-term influence) ; Bl 2 iR {EEW E (neurotransmitter) » J1ER)
A2 IR (motoneuron) 4 WA RIl B ik 45 #2 .7 525 /¢ JB (short-term influence) o 7R3@ 4 Lt b4
BOEME B AR WEBEZDE » flinS B4R (dopamine) HFEIMILBWEE (pro-
loctin) ¥z {§ FH (MacLeod, 1976; Vale et al., 1977) o A= FTIRIFEES 1 B4 i 7RIS
RN W RILTEEER » EHR AWM TRE (hypothalamus) iR A2 W% o

TRENADWHRE » BERGBE (preoptic region) ZiMiEMiF » KAL)
EASZRIE | £ FRERBBRRIFARIERSWIRE TR MBEIEAE » WK
AR 2 HRRAI M ER S IE AR KW arginine vasopressin fi isotocin
(Perks, 1969) ; E_RRARBAAHRUEMTIRZ A5 WISBIRITHIEEE o BLEERUT
LEFMNBEHR o

SR H WX TE2RAL 22 % E
J\E 8 (lamprey) LIE B ~ ML Z I T IRAOREEL » MR R IRAY— i
B [ WEHATER | (neurohypophysis) & [ BR#4FET #E8 | (adenohypophysis)
MERD (R—) o EREMAKILA -~ BEZHE s NESBERFHBEL LWER (Fig.
L2yk—) oWt TERBELEEDYEFEFLTANESE -BARERDY
MTERESELRE  FIRLEWNT :

®— FHDDETERBELBR

 RTRR(BTEM EER) RRER
pituitary gland; hypophysis cerebri ] B _eminence
BREITIR (RE) | RERETR
R . adenohypohysis neug gr}?ffpﬁﬁym s *5’%&7‘
Srea | | s % R CRE) (M| W B E e
( FiZE) pars intermedia| pars (153E) : ~
e & % pars distalis t ﬁlxltgfrlr?ezi?:tee tuberalis pars nervosa,
7o pars anterior lobe (PT) ggg{:rllg?tﬁ o
B = %l'ﬁ t B = (L@g%%%
cephalic par =
) i i caudal part | | [E=AH)
— ﬁ!ygmi¢ﬁ5% B iE
rostral ‘ proximal |pars 1r(1;)elr)med1a ~ lobe
pars . ‘
EERE | ghuis | distalis |
‘Té“ﬁ’é— (RPD) 1 (PPD) }
. T e )
¥ 8 BRPERE T AR l

mlE— R AR L8 (hagfishy DA EZETCMMR ~ WSLIRB Y 2 e T HEABAVBRALF
I : fERESE | s R SE  (pars nervosa, PN) ~ thfd]#f (pars intermedia, PI) R ¥l
( pars distalis ; §73E ) BOACEE ~ HLAIRAEMERENER (H—) o MEZELR » MR
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Fig. 1. Schematic representation of evolutionary relationships of the vertebrate groups
and the structure of the pituitary gland in each group, as seen in sagittal
section, anterior to the left. Sparse stippling, neural lobe; small circles, pars
intermedia; small crosses, pars tuberalis; medium stippling, pars distalis
(dipnoans, Polypterus, tetrapods) or rostral pars distalis (fishes); dense stippling,
proximal pars distalis, which differentiated in fishes; coarsc dots, ventral lobe
of elasmobranchs. (From Gorbman and Bern (1962). A textbook of compara-
tive endocrinology. New York: John Wiley and Sons.)

lamprey

ZHEEAEEETNRBZENEL (B2 ) -
FERERES > WEHEAE (teleost fishes) RS 20,000 pf > H 4o IEFTH
WREZHEER AR o EEFHMAE TIRAG S EEAR LASAEl & - H— -~ dhifes
(median eminence, ME) HRINEEMARPFEE o KR » Tllm— TR FIAE % R4
(hypothalano-hypophysial portal system) ZE{#EA B& TR » 10 EL W B 2kAIRZE TR
ERMRREBMEE R TIRWMER (pars distalis) » WHZME S ISR & » 0L >

081729
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(A) (B)

Fig. 2. Diagrammatic midsagittal sections to illustrate the main features of pituitary
structure in the different fish groups. In all cases, anterior is to the left. (A)
myxinoid, (B) lamprey, (C) Acipenser, (D) Amia, (E) Polypterus, (F) teleost,
(G) elasmobranch, and (H) dipnoan. Small dots, nervous tissue; large solid
dots, stainable neurosecretory material; large open dots, pars distalis: horizontal
lines, pars intermedia; thick black lines, blood vessels which appear to convey
neurosecretory products to the adenohypophysis or (myxinoid) to the
neurohypophysis; oblique hatching, connective tissue; a, hypophysial cavity;
b, hypophysial duct; ¢, ventral lobe of elasmobranchs: and III, third ventricle.
{From Ball and Baker, 1969)

8 0 R T L T SRS SE MR IEREFO B SRR GR E 00 o BURSRWIJi 00 12 » e R4 fadi
RIS TRERAG (FM=~Ma ~ Vb ) RBILLFEILAEFEND MBS W o
8.7 BET 8% » 945 © IRIE (adenohypophysis, AD) k€3 (neurohypophysis,
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Fig. 3. Anguilla anguilla. Diagram of midsagittal section through the eel pituitary,
anterior to the right. Follicles of lactotropes (p), mixed with TSH cells (t),
and bordered posteriorly by ACTH cells (c), form the rostral pars distalis.
The proximal pars distalis comprises cords of cells below the neurohypophysis
(n), mainly composed of somatotropes (s) in the sexually immature fish, with
scattered immature gonadotropes (g). Posteriorly is the pars intermedia (i),
deeply invaded by processes of the neurohypophysis which in this region

displays masses of AF+neurosecretory material (fine stipple). The saccus
vasculosus (SV) projects behind the pituitary. III, third ventricle. (From
Olivereau, 1967).

NH) o fi#% 2 &K (basement membrane) 55 o REXNKHAKBRMBLENTEF
5 BYER (rostral pars distalis, RPD) ~ & (proxinal pars distalis, PPD) Fiep
(pars intermedia, PI) S=F{f o £ H » HYREZHMETWHAMR : K 7 (eta)
cells {554 8 » 5 WM FLFE (leuteotropic hormone, prolaction, PRL) o f0[&] 3 & ik
thtk fH » 7 cells ¥E RPD JREFFIIREMNR S A » XoWz PRL R AR ERALEA
(osmoregulation) o 554t —f& 6 (delta) IS &R » MABH » RS WRFRIRHKE
(thyrotropin, TSH) EE{RitFRIZRE » FAEFRIRME Z SRS WRITEH o FR
B # (thyroid hormones) SR{RHLERTE - MEREREH  CHREBUEMERE
ENEETEE PRRSWZHE » WAFSBEEME THS W EM 5 €% LR
REEEEMEES ¢ (epsilon) @A (B ACTH M) » S TR 2 E T &%
POE TR IER » IO WZRB EBMKEAFE (corticotropin; ACTH) RAEFET LR K
Bk (corticosteroids) ZAMBESWHIEM BLMFEAFERE AR A
U RECESEBRABNTE - REXDLRREHAEERE (stress) FHHIRK
¥ o Sundararaj and Goswami (1969) » HFAR TRE—E T ELS ik
WER— Bt (Heteropneustes fossilis) PEIRR9EE o T EBOEALEL S TWHE
WFE WM ELEMEEE KRR o K « (alpha) AR » WLl Orange G
BH&HE » ZHoWERME (growth hormone, GH ; & somatotropin, STH) #y#i
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Fig. 4a.

Fig. 4b.

MEDULLA S -~
OBLONGATA L

OPTIC LOBE

CEREBRUM

PPD

Anguilla anguilla. Diagram of midsagittal section of brain and pituitary
(anterior to the right), to show the PON-neurohypophysial system. PMAG,
preoptic nucleus, pars magnocellularis; PPARYV, preoptic nucleus, pars
parvocellularis; I-V, component preoptico-neurohypophysial tracts; STR,
sub-terminal region of the common preoptico-neurohypophysial tract; OC,
optic chiasma; RPD, rostral pars distalis; PPD, proximal pars distalis; PI,
pars intermedia; PN, posterior neurohypophysis. The nucleus lateralis tuberis,
not shown in this diagram, lies in the floor of the hypothalamus, above the
pituitary gland. (From Leatherland, J. F., Budtz, P.E. and Dodd, J. M, (1966).
Gen. Comp. Endocr., 1, 234-244.)

8,
0000°

®

Myxinoid pituitary, diagrammatic sagittal section, to show hypothalamohypo-
physial vascular and neurosecretory links. Question mark indicates unsettled
direction of blood in the vertical vessels between neurchypophysis (NH) and
adenohypophysis (AH). Dotted circles, neurosecretory cells of the preoptic
nucleus; dotted lines, neurosecretory axons, with axon terminals marked at
their endings; filled circles, prehypophysial plexus; empty circles, intrahypo-
physial capillaries; interrupted arrows, arteries; solid arrows, veins; thin
arrows, possible portal veins, (From Jasinski, 1969. Gen. Comp. Endocrinol.
Suppl. 2, 510-521)



45

iz » STHHEEA R AELE A (BB AWM TRIEEEY » EREBZERRM
PHIZEER AR o S STH MR — &2 FEEANME - REERKERR
(gonadotropes; GtH cells) o ZE 4 GtH Z #if8 BT & FOAFHE B O v Bk » HOFSRPAS+,
Alcian blue (AB), AF+ f1 Aniline blue IE i FERO4E M o BESR B K2 GtH 3 g 538
FSH gy etk (GtH BURW LHEMA ) » AR ERBIEMY » GtH M SR
B2 %% RAMIRZKANERWEA LS » S2EHMMG - R4ETHEL GtH
MRS W CTRSRZMER (SEE ) » 81 (1) ERE » XeERS
PAS+, AB, AF R PoH LG8 2 E RIE » HHBAEEN (F) ¥ @b Em R »
WHHRELHAR ; (i) 5—H GtH {8 » RENHHLE PAS IFRFE » HH% AB—,
AF— KPbH ZHRME - EMSMIBETIIAMFHBR > flmed (A4 anguilla) »
(Mugil auretus; M. cephalus) ; & (Carassius auretus) s f& (Oncorhynchus spec) s
f2 52 (Pomatoschistus microps) % (Shih, 1980; Van ‘Oord and Peute, 1983) o

J& T RRrRRIEE (pars intermediate, PI) 4 FfE4HE » b PbH+ Ve IR RS E
o WME B FE B E (melanocyte stimulating hormone; MSH) (Olivereau, 1971; Baker
and Ball, 1970) » i 5 —#& PAS+Ve MRl MEREERECEETREED -

it A8 M B T iR S BB b AR 3E (pars nervosa) ( b KLk E THRE X7
% arginine vasotocin f isotocin o R HE R HMEZH BRI X BIIZE (nucleus
preoptic area) (Leatherland and Dodd, 1967, 1969; Vigh-Teichman et al., 1976)o
Arginine vasopressin i1 ADH» EFEINTHIREBIEIEA (Maetz and Lahlou,
1974; Pang, 1977) o Isotocin fFHHFIBIPE ~ FEVZ T BULBMELMAIER (La
Pointe, 1977) » ERIFAERA WY ER L ETEEIINIEM o

ENETE2RREMBEZ S LH G

FeTEEZEERME (GH) W E ~ FWBL » FBEWZEEE7 o W3
oWz RERYEE (GtH) €1 | B4R E (follicular stimulating hormone,
FSH) R¥EWMAKEFE (luteinizing hormone; LH) o {HfEfAIEIL GtH WwAERMN
FSH Z##% o Hit » EREHLUERREE (GH) B2 - MTEMZ GH &
WHYESH » FEFTREZMERSW > EEMERENE (gonadotropin-releasing
hormone, GnRH or luteinizing hormone-releasing hormone, LHRH) Z F 4 o i
Z 5% 0 FIEE R R MR I E 2 M4l B F (gonadotropin release-inhibitory factor; GnlIF)
(Peter et al., 1986) WYFFFE o J/IENE GnRH ZHH ~ FWRERILEFRIIEMIE H
mE o

CRERAEERARZMHH

FEIEL B~ 2 TS Bt 2 (R HENR ERE R (GnRH; LHRH) » 5 |-
JlE% (decapeptide) (Matsuo et al., 1971; Burgus et al., 1972; Krey and silverman,
1983) » B AEIRST RS 28 AERKKE (follicular stimulating hormone, FSH)
RFAGA NI FE (luteinizing hormone, LH) 4ihZ A hEe (Jackson and Mueller,
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1982) o ¥R » FAEYMREEH RIEZ LHRH » BEIEKRA THREZ SR
(arcuate nucleus, ARC) R §i#% (preoptic nucleus, PON) » b0 4 BUZE R e 4
FERSERISR B IR LH 23 o SE8L Pohl and Knobil (1982) R BEREME LH
ZEBESW (surge) J5 B LHRH Z RIS ( pulsatic ) FIXEEARH » MEREZ
LHRH W[#ERKEH TR L2 ( medial basal hypothalamus, MBH ) o Hsueh and
Jones (1981) #¥3 LHRH ZEBIELTENR » T LHRH A3 WK (in vitro) JaM ik EiE
{R#:RR SR (chorionic gonadotropin, CG) - WAThAE o WSLME;> LHRH % &85 « A &S
REBER T ETERE AR IHEE » T BT A A ZME bGnRH-I B bGnRH-II

MR BURIREER (salmon) FTAERR » KA L5 7 M8 (LB 2 kMR
W (@7 ) (Millar and King, 1983; Jackson, 1986) o

1 2 3 4 5 6 7 8 9 10

Mammalian : pGlu - His - Trp - Ser - Tyr - Gly - Leu - Arg - Pro - GlyNH,
Chicken 1 : pGlu - His - Trp - Ser -~ Tyr - Gly - Leu —FGII;"— Pro - GlyNH,
Chicken i :  pGlu ~ His - Trp - Ser - His ‘,— Gly - Trp - T;r'}- Pro - GlyNH,
Salmon : pGlu - His - Trp ~ Ser - Tyr - Gly —E‘r_p——‘l:;u— 5- Pro - GlyNH,
a-YMF : Trp - His - Trp —':e::-‘ Gln j— Leu —“»L_y?— Pro - Gly —l GIn-Pro-Met-Tyr

l

Fig. 5. Structure of the various vetebrate LH-RH decapeptides. The variability is
located at positions 5, 7 and 8 and changes from the mammalian form are
boxed. a-YMF. yeast a-mating factor.

— | SE—

LHRHZ{Ef » REMTER GHME 2 5 W& %4 » Moss and McCaunn (1973)
BR o HARRBREIMEMBR L [ BZLH | 7/ (lordosis) F9fEfl o LHRH (g3
MRBEZLETRNS THE » 8% LHRH g% 5 fMkER (Ac-LHRH 5-1v)
Z 6~9 MfIE » MIETER] 6 BILEME s (Dudley ef al, 1983) o LHRH Z#i858
2~ 3f7& - fBIERER GtH 245 WH9FREI AR (Coy and Schally, 1978) o [E& 8 ~ &
Rfaz LHRH W&t MEdoms RgEae > ARRELSE2FE - EREE L
a-FEHR T (a-mating factor) » §1E 4> LHRH 4 FrE& 804 (EE) » #48 a-YMF
BTt R ARG ZRIEY 2 LHRH & REIEER 4 Fifb 2R o

MRS 2 0 EEE M Z MR R (GnRH) » TSI AT (R o A%
D RUFGNRHA K S F | @45 » B IR » Rk GnRH % UAE(E ) o 76
GnRH i His*-Trp® 73K T ERMK CGtH AYEESE o 5 # GnRH ik 45 5
TS ALE SR T ARE S GnRH 23454 (binding) BRI o ik »
Oncorhynchus keta 7 GtH $Jk S [trp?, Leus]-LHRH (Sherwood ef al., 1983) » #¢
ZERWFE GnRH 43145 © [GIn®]-LHRH » 1 [His®, Trp”, Tyr8]-LHRH (Mivamoto
et al., 1983) o M AL AR GnRH 444 (GnRH analagues) M fiffa> GnRH
Wie L (7)) (Peter, er al. 1987) o H ALKl GnRH L 5-FHEREY » YSRT

IR
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Table 2. Primary structure of mGnRH and several other peptides
used in the study

et oy o S . e 1

Peptide primary structure

Peptide ) T ) o

designation 1 2 3 4 s 6 7 8 9 10

mGnRH  pGlu-His-Trp~-Ser-Tyr-  Gly - Leu- Arg - Pro-Gly - NH, _

cGnRH-1 -Gln -

{His)J-GnRH -~ His -

(Ser]-GnRH - Ser -

(Glu)-GnRH - Glu -

[Asn]-GnRH - Asn-

(lle]-GnRH -Ile -

{Phe]-GnRH - Phe -

[Met]-GnRH - Met -

(Leu]-GnRH -Leu -

c¢GnRH-II - His - -Trp-Tyr -

cGnRH-IIA -His-p-Arg-Trp-Tyr -

IGnRH - Tyr- -Leu- Glu-Trp-Lys -
ORBZERERARERER

BEAE M RERBFEREKE (LHRH) ZnEEENEHER » 7Td Ball

(1981), Peter (1983a, b) WFRES - HBERILEARSARE LHRH 54 KT

BRI R IEAIES ~ BRESLL R the nucleus lateralis tuberis (NLT) o 4t » hE35E
~ IRERES (Olfactory bulbs) WA EHEEHI (Stell er al., 1984) o gy Schreibman,
et al.,, (1979) #Fg Stell, et al., (1984) FEERE | E LHRH 4G RE » HEF
ZHEEETFERLSETRE 2 TIRRSE o 8GakRE » FTHEBBHRIHR
RE 2 AR iR R E R R LHRH 2 E1fn 75 % % R FE (Stell et al.,
1984) o

FIFA AR R s A~ L B fA B4 B »Halpern-Sebold and Schreibman (1983)
BH LHRH 2B RERFR | £RMIIHZEREK » REEFIHKE » KB nucleus
laterallis tuberis o ZEZIFR#AZ TR (hypophysectomy) R4 &R EMNKRFR © Wi
FMTREZEER » (BERRKREEETEN REHNIR®  ERTENER TR EEER
BRIPRHE A THR A TS E R % o

1E 8K 2 K 6 J\ H #8 (Entosphenus tridentata) R ¥ 3Ll W 8 /\ B #8AY 98 (Crim
et al.,, 1979a, b, Nozaki and Kobayashi, 1979) » Z#H 2 LHRH IF R FE > i iRk
s RARATZEE B PSR TR - Bt » VS AR Z GnRH RYRBBRHLTY 2B R — Mkt
6 B2 R o

MR MY ARIEM 2 GnRH » (KILFHELH FheE » "I WNREAE » ging
L BRI R Iy JBAEAZ GnRH % (E7) o AKRERBSITREERE » [H
e W BB T =METHAMM T 4L GnRH 47-F | (GnRH-like molecules) o =i {3
fE TR A CE Ry GnRH » f4GiEBRE:H GnRH I 4§85 o AR Z [ $-GnRH |
o TRESE R BRAL B LECR F B2 GnRH RyLAFR 7 F 5 i (Sherwood, 1986) (
A~L) o REFBA—-ERHFBIAEAE GnRH 1 o
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Fig. 6.
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Reverse-phase HPLC of lamprey brain extract containing immunoreactive
gonadotropin-releasing hormone (ir-GnRH)is shown in the second figure from
the top. The elution pattern of synthetic of synthetic mammalian (mam.) and
synthetic salmon GnRH are shown in the top figure. The arrows in the lower
figure mark the elution of the standards run with rat and trout brain
extracts,
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Fig. 7. A phylogenetic diagram showing the presence of GnRH-like peptides. The
lower case letters (a, b, c) represent GnRH molecules which have been identified
by indirect methods such as chromatography and immunoassay. The upper
case letters (D, E,F,G) are for GnRH molecules with known primary struc-
ture. The animals listed at the top of the diagram are the representatives of
the various subdivisions in which the peptide was studied. The presence of
salmon Il GnRH-like molecule in several groups is based on the fact that the
peptides have not yet been differentiated by chromatographic or immunological
methods. (Fig. 6 and 7. Sherwood, 1986)

SREBRERZFERAGER

NLT {y3hee : #ISTIRZBHEER  BRAKREMEREE (GiH) UMK &
BIAR A MRS LWRLES ME  EEBHNERDESEERGFEHRERE
#£47 (Ball et al., 1972; Holmes and Ball, 1974) o &3~ GtH e EE R
R > ik 2R GTH S WTHERE s GnRH (8 LHRH ) HyFRE{EA ©

H—EPES AISNFE » BHT NLT siR&REMT ERWRARAE GH 75
WM SR ¥ (recrudescence) AR (Peter and Crim, 1978) s EWERE S NLT
B A T B DR 1 S ISE B IR EUR AR DRELEBIN R AGAR PSR » 3 GtH
Ry WA E 2 A E A8 (L (Hontela and Peter, 1977) » (E—BpIE NLT HiZ%Z GnRH
S BB T GTH 4z H BiAfysX (Peter and Crim, 1978) o

HeRPEF - MAVHESE/EMA (ovulation) ¥ {RFEEERMBEZEES W (surge) R
(C. auratus, Breton et al., 1972a; Salmonides, Crim et al., 1975) o GtH 7z B8
MR TR— : GEf8 Oncorhynchus nerka BEEFESY (spawning) BEAW 5 SRUSUWE



50

e S BUAE R IBTE 1T o {0025 GG J2 55 0 9 T2 S B ol 8638 52 I 2 1 » T
BT R GUH 490 » EAREREE A KB MEN S WA R IR (Peter ef al,
1978) o Ll :EMEHEIN R IE » HERKIBREF] 12~14°C JREEFE & ( HILERIE » 759 0 Rk
UF) o it s W RBERSEIRIPE TSNS 2 falg GH S A SRR EE o E MR
WL TR R MRS S B ML BB S B f Gl ZENE D WTE © vt H ks 4
fIRZM » RFTHERZ BRI B H—E GHEE > 114 @?ﬁYEEJ%{% f')/\
HE% B (dopamine, DA) THER R MBI BBEAE Y —» REAT Hi—24E0 |
WAREBE » HEKBE M AE TR GtH W LI R I SE I A SR o (Peter et
al., 1986; Peter et al., 1987; Omeljaniuk, ef al., 1987; Shih, REBEEH) (B a,b)o
BHEERZENEBREERRINZE—R (REBAK ) Heze s gy 50 » bt
B-ESI T EIPLEZEZIR A B R TTREARRPNEEERANEN > &
HEZ PSRBT o BUEHSANLT (FMEERHE ) Wkt L » 35 IR e e
SREAEEER GtH 5% o HIEEHE LB (Kyle, A. L. Stacey N.E and Peter,
R.E.» ﬂiﬁﬁ%ﬁﬂ)‘ﬂ] S. gairdneri (Breton, et al., 1975a) &ﬁﬁ_‘@%%ﬁ (Crlm et
al., 1975) » G RFEH M 7 sh R MR IR RIS R 0 » B & B Kig
RTEHEBR B8 4 B o ,
ARTREAMSBRHEERYERETER GH @0 SBBRNL4E
s f£  Gobius mirobilis BHMEKEEE type “B” ## (Knowles, 1965) E#H
GtH cells HEEX 3 AB & (synaptoid contacts) (Zambrano, 1970b) » MHE LR K IY
EXEUS NLT dhfy— L MMFT 4 (Zambrano, 1970a) o M » 06 TR = F 1%
» NLT ByRyERsRypsiifes 28828 » (EMS+OXUASSRERKE » Fl— 5%
Gillichthy %% » fEREIET NLT QIEZ ST » TBLIMME (androgens) REE
» R ESELEML YR A E B IEHT » OB NLT Mg GtH W AR o Kaul and
Vollrath (1974b) BREEM TR type A ##EH A (PON) TH type B i
RAERRE B MR (NLT) o &B7eE I RE I SIS R MBERE LD N300 R
TEREIH type B RAKMEZ BRI RIEN o M » Peter and Nagahama (1976)
BRES R NLT B8 3 AN > CIDERES RIS TES » Tt type 11 @lE
BRELTH B SRS IS B Y ShRE 7 Y0ARBY  (Peter, 1970; Peter and Crim, 1978) o fij PON
Z type A FRAEHKERIAR G A MR IEE BR o
TREZERKERAF GnRH JEF) » # 46k Breton er al,, (1971) 760 f i i i
ERERRBEY o HEYBBHAEREFEL LH (luteinizing hormone) 4 Wiy h4E
AR TR A B R AR 2 B TR MM S W GtH (Breton, er al., 1972b)
o HH— Lt L in vivo FE » BRH GnRH EEZ BN (Weil e al., 1975)
o B » il epinephrine, norepinephrine, serotonin i dopamine » FHl 0 Y 4
GnRH [y3)% (Breton et al., 1975b) o
gz GnRH Z-F @/ R 5.000 o ERIEA T 4K LH-RH (pGlu-His-Trp-
Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH,) (Vale er al., 1977) » x«nh 6 I 2 4 T
A GnRH {FHAAS » LHEMINEEZME » 4.2 LHRH AT R R Ay 8

il
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Fig. 8a,b. The effects on serum GtH levels in goldfish of mGnRH, c¢cGnRH-I,
¢GnRH-II, cGnRH-IIA, and a number of analogs of mGnRH with substi-
tutions in position 8, administered alone or in combination with pimozide
(Pim). Values are means+SE (N=8-10). Significance level p<0.05 by
Mann-Whitney U test. (From: Peter, er al., 1987)
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PRSI o SHHEVE 2 Salmo trutta i & » Bt R K » B R LHRH JIUR 26
HEf GtH 4 WA E(Crim and Cluett, 1974) o HRE MG 1S hIE =% % A LHRH
WERBIARHE M GtH S E (Crim ef al., 1976) o

HWIREL a2 PEBR(EJE » 34 LHRH R ayu, Plecoglossus altivelis (Hirose and
Ishida, 1974) > 6 (Lam er al, 1975, 1976) ; si45/8 LH-RH 24l (LHRH
analogues LHRH-A), des-Gly!®, [D-Ala®] LHRH ethylamide HEEAEHBRFZHE
REE > FMFSTRALEBILY O. latipes (Chan, K. K.-S., 1977) 45 425 BB 5 74 60 {6 1T
o MBYE ISR MO » (E @& MBS LH-RH (&} LHRH-A ) BBLRP o R
EHENCEAYIER RS R o

LHRH 742 4 {fi » Goos and Murathanogliu (1977) I AE S. gairdneri 4B
B2 REA S (dorsalis pars medialis) AHEEM TR » K BIETHEE A
RS TRRILES (PPD) Z GtH {84 (Dubois et dl., 1978) o

HLFEEIRSE (prosterglandins) » 41 PGFse M1 E; (3F E, ) {8 A RBRHA > &4
HS=MZER » BET &AM GtH @ (Peter and Billard, 1976) » HHEBERK
MEEEEEES » MHERRETRTRE o EEREMIFEERIBERERAGRE
LHZ WA RMAR o Bt » 38t Prostaglandins 7E %5 £l F A4 GRIH HY B HE o
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Fig. 9. Seasonal changes in ovarian weight of the catfish, Heseropneustes Sfossilis,
in relation to annual fluctuations in day length, temperature, and rainfall.
(From Sundararaj and Vasal, 1976)
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(De Vlaming, 1974; Sundararaj and Vasal. 1976; Peter and Hontela, 1978; Shih, 1980,
1981) o IRIEN T B ~ KB~ TRHAMEZEZSE (De Vlaming, 1974, Peter and
Hontela, 1978, Shih, 1981) o A7 EREATRE BB BT RN S W 2 4 amine,
melatonin » DL ETA MRV IIEE(De Viaming and Vodicnik, 1977) » {H L £ M EBRHT T
B AW UTHEAFENEMIRIEE (Pang, 1967) o g Fenwick (1970) RiIEE 5 Wik
BRIz EH » ERARMEHERABTE A MRE MR E EAWEA (recrude-
scence)o (HtRFIHBEENE BT RIMHAT LR BB IME AR R o it o AR ZH
A TERRE RGBSR » REREBZRENKE o &2 O. latipes € F51 4 FEHR
RFRARNIEM . EREWVHIH S I £ TARAF R o 4 Melatonin GIEET T & A 7E
BREABRNABSHRSENEFEREA (BEHEREREEMERRA ) « EEER
RYGRMERBERECEHT » €84 Tk GnRH EEHHREE #HY4S (De Viaming
and Vodicnik, 1977) o

ZEH GtH 25 W HRAERER 2 FERFEE (steroid hormones) HE@EE {F A
(negative feedback) #HRH o fFEVIER G. mirabilis 7 A FERR ( BRI EEEXE ) Zam-
brano (1971) BHRE NLT M—ERRARAETIRS GtH M4 F11EE o Billard
and Peter (1977) R REMHEITE HKE L clomiphene 1 1. C.1. 46,474 (tamoxi-
fen) RS AR » @ RERNME GtH RBE » EREME NLT» JIZERLK
(BEEHEMN PONN TREEEZBRRENS IS ERE - B » EEEZ ARSEZ
FEHHRE TR

TR B RIRHE T8 B R AT LAYIES o & {8 M B AV BOR Rt 2 2 22 D8 (Lepomis cya-
nellus 1 C. auretus) (Demski et al., 1975) o HEHRNES » FTUEER THRE ~
W~ il s BELUERTRE - HERYEENNBFHEA » BaRMEYEIRN
ENREETEENTRILOKRE - B+~ +—R#EEHEF R L GtH S WA o

WEERES EHRARGEERNE IR

LAZTRERBERAET 5 WH 4 GnRHAWERAFLAEH R T o #HACTH
SWzRE LR EEEREKFE (corticotropin-releasing facter, CRF) » EF Kk i 4l
ACTH MF LR R ERUFAH A EARARHZ T ERNRERRNIIE - £RHFE (GH)RY
W T MR R R 7 W Z SRIF  (somatostatins) R GHRH fy& il » R #ESL%E (PRL)
A FEZHEILEZAHEF(PIF)WZE » —RHBECTERXRESLESR (DA) » DA HAEMN
HEMEIRIMRIERE ZEA » FTUURFEE PRL 2450 SR BPEREE GtH fy5 0
cH THRERBNRTRERRWRENEESRRS (F2) HEAWLAMEYSE GtH
TUWHETENIER  ARESKE » REFTRAMEHRSE o

2EWERBEREESZAE  BRRFERMERKTIRESR | EBE LBRESS
#t (noradrenergic fibers) ~ MHFEZEM: AL (serotoninergic fiber) LK % &tk #E
Kah and Chambolle, 1983; Ekstrom and Van Veen, 1984) o 4% » Fryer e al,,
(1985) SMRsH % » BMFHEA catecholamine HRMEETIE THR o HILASEB R 7 4 1t
WS MHEEE EEARAEY  &A (Kah er al, 1984) » RRFIEEIE MR
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Fig. 10. A model, based on a parasagittal view of the goldfish forebrain, illustrating

the neuroendocrine regulation of gonadotropin (GTH) secretion by a releasing
hormone (GRH) and an inhibitory hormone (GIH). A neural pathway
originating in the preoptic region stimulates gamete release. Questions
indicate unknown pathways. C, cerebellum; LH-RH, luteinizing hormone-
releasing hormone; NLT, nucleus lateral tuberis; NPO, nucleus preopticus;
NPP, nucleus preopticus periventricularis; OLT, olfactory tract; optic nerve;
OT, optic tectum; T, telencephalon. (From: Peter, 1983b)
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Fig. 11. Summary diagram of the influences of dopamine (DA) and norepinephrine
(NE) on gonadotropin (GtH) release in goldfish. (From Peter et al., 1986)
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Fig. 12. Changes in gonadotropin (GtH) released from perifused (A) dispersed pituitary
cells, and (B) pituitary fragments prepared from sexually regressed female
goldfish during and following exposure to norepinephrine (NE). (From Peter
et al., 1987)
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B % B G TE R IEMRAETE RS TR o LU SE 8678 b 15 2 WA MR AE Y0 £ 15 5L F T e 2
AT WD WS E R RTEBRAR c RIES BRI S K » EB LIEE (noradre-
naline, NE) L% LIRE LA E MK GtH 5 WAY(E/H (B4 ) (Chang and Peter,
1984; Peter ef al., 1986) o K& RISIMEYE S » (EILIPSE(E (regressed) gk %]
Z IR T AABE BRIV M) 5 in vivo S NE REEFHEW A GH 2 4W o FBLALE
NE 2 AIREASRANENE K (brain barrier) gyt o RUHBIMEMGE > HH BEEE
(ERAETRIRE R ) FRBEMEA NE 3¢ NE 21888 (agonists) LI I8
GtH BY5 W » #REB B T o
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The morphological organization of the pituitary gland in teleosts is reviewed.
As in the eel, 4. anguilla, there are three types of hormone-producing cells, TSH-,
prolactin, and ACTH cells are located in the rostral pars distalis (RPD) of the
adenohypophysis, somatotropes (STH) as well as gonadotropes (GtH) are in the
proximal pars distalis (PPD); however, the PbH+ve, MSH cells and one PAS+ve
cells are distributed in the pars intermedia (PI) of this master gland.

The hypophysis has a separate vascular system supply to the pars distalis (PD)
and the PI. In teleosts, a common pattern of rete mirabile-like arteriolar loops at
interface between the PD and the pars nervosa (NH) is served as a humoral
transmission system involved the pituitary hormone secretion. Another distinct
neurosecretory system is the preoptic nucleus and its axonal terminalis where two

types of hormone, arginine vasotocin and isotocin are released from.

' Neuroendocrine regulation of the secretion of pituitary hormones in fish is
reviewed. ACTH secretion is regulated by a corticotropin-releasing factor originat-
ing from the NLT and preoptic nucleus, and negative feedback effects of ACTH
on hypothalamus and hypophysis. Gonadotropin secretion is regulated by GtH-
releasing hormone (GnRH) and also the release-inhibitory factor; the GnRH
invalues the NLT, while the inhibitory factors, at least, including dopamine com-
pound. GtH secretion in animals is regulated by various types of GnRH(s), on
which, three types of carp GnRH-like substances, one type of salmon GnRH are
found in teleosts. The secretion of GtH is also influenced by the catecholamine,
pineal activity, prostaglandins, and positive feedback as well as nagative feedback
effects of the concentration of gonadal steroid hormones.

Several anti-dopamine drugs are high potent for the stimulation of GtH secre-
tion and could be used as powerful agents for the induction of the gonadal matura-
tion and spawning in the bony fishes.

Pituitary prolation is regulated by a release-inhibitory factor, possibly dopamine,
from the NLT and changes in environmental osmolarity during reproductive migra-
tion.

Various types of innervation of GtH cells and the sccretion of nerve-endings,
type A and B, are discussed.



