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INTRODUCTtON

   Gonadotropin-releasing hormone  (GnRH) is a  deca-

peptjde originally jsolated from pjg and  sheep  hypothaLami as

a  physlologic regulator  of luteinizing hormone {LH) release
from the pituitary (Matsuo et al,, 1971; Burgas et aL, 1972), At
present, nine  GnRH  molecules  have  been  chaFacterized  and

named  for the vertebrate  species  jn which  they were  first

identitied (Fig.1)/ mammalian  GnRH, chicken  GnRH-l (King
and  Millar, 1982a,b; Mjyamoto et al., 1982, 1983), chicken
GnRH-II <Miyamoto et  aL,  1984), salmon  GnRH  (Sherwood
et aL, 1983), lamprey GnRH-[ (Sherwood etal.  

,
 1986>, Iamprey

GnRH-IH (Sower et aL, 1993), catiish GnRH  <Bogerd et at.,

1992L Ngamvongchon et a/,, 1 992), dogfish GnRH  (Lovejoy
et at., 1 992>, and  seabream  GnRH  (Powell et aL, 1994}, They
have been lctentified in vertebrate  brains anct  constitute  a family

ot structurally-related  decapeptLdes, During the 500 mi[lion

years of vertebrate  evolution, the primary structure  of GnRH
has been  remarkably  conserved.

   It js generally accepted  that GnRH  regulates  synthesis

and  retease  of pitultary gonadotropin (GTH) (see King and

Millar, 1992; Sherwood et al,, 1993). In addition, GnRH  can

act  as a  neuromodulator,  and  administration  of exogenous

GnRH  facilitates sexual  behavior in many  species  (see Pfaff
etat,,1987).

   ]n mammalian,  avjan, reptilian, and  amphibian  animals,

GnRH  is conveyed  to the pituitary vla the hypothalamo-

hypophyseal portal vessels.  In mammals,  pulsatile release  of

mammalian  GnRH  <mGnRH) by hypothalamic neurons
stimulates  GTH  secretion  frem the pituitary, Teleost fLshes lack
the median  eminence.  Instead GnRH neurons  are  tound to
directly innervate the pituitary. It ts therefore Interesting to
examine  GnRH  systems  in teleost f[sh in view  of comparative

endocfinology.

   Immunocytochemistry and  radioimmunoassay  (RIA) have

'
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been  utiiized for studying  the distribution and  function of
GnRHs  in the brain. In addition, recent  progress in molecular
biological methods  has enabled  us to study  expression  of

GnRH  genes using  hybridjzation techniques Csee Urano  and

Hyodo, 1990},
   This review  will focus on  the roles of  the GnRHs  in the
teleost brain, particularly in salmonid  tishes.

1DENTIFICATION OF  GnRH

   ln teleost fish, the primary structure  of salmon  GnRH

CsGnRH} was  first determined from chum  salmen,

Oncorhynchus keta (Sherwood et aL, 1983), followed by
subsequent  determination of catfish GnRH  (Ngamvongchon
et aL, 1992) and  seabream  GnRH  {Powell et aL, 1994),

   The presence of two types of GnRH, sGnRH  and  chicken

GnRH-lI (cGnRH-1l), in the teleost brain was  fi rst demonstrated
in the goldfish, Carassius auratus,  by employing  high

performance liquid chromatography{HPLC)  in conjunction  with

RIA (Yu et aL, 1988). Recent studies  have  shown  that in

teleosts, more  than one  type of GnRH  molecule  exist even

wjthin  the  same  species,  and  ali of the teleosts examined  thus

far have cGnRH-H,  whereas  the second  torm is either sGnRH,
mGnRH,  catiish GnRH, or  seabream  GnRH. Exjstence of three
forms of GfiRH, i,e, sGnRH,  cGnRH-lI,  and  seabream  GnRH,
was  recently  reported  in the brain of the seabream,  Sparus
aufata  <Powell et  aL,  1 994) and  African cichlid, Hapiochromis
burtoni<White etai.,  rt 995). The  existence  of multiple  forms ot

GnRH  in the brain suggests  that each  GnRH  has a different

distribution and  function.

   Differential distribution ot multiple  forms ot GnRH  in
discrete brain areas  wa$  examined  by RiA in several  iishes in
order  to clarify their functions in the brain. Okuzawa  et ar,

(rt 990> first measured  sGnRH  and  cGnRH-l1  contents  in the

discrete brain regions  ot the ralnbow  trout, Oncorhynchus
mykiss,  using  specific  RIAs. These authors  found that the
contents  af  both types of GnRHs  varied  in different brain
regions,  The Ieveis of sGnRH  were  higher than those of
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pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH,

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Gln-Pro-Gly-NH,

pGlu-His-Trp-Ser-His-Gly-Trp-Tyr-Pro-Giy-NHi

pGlu-His-Trp-Ser-Tyr-Gly-Trp-Leu-Pro-Gly-NH,

pGlu-･Hts-Trp-Ser-His-Gly-Leu-Gln-Pre-Gly-･NH,

pGlu-His-Trp-Ser-?yr-Gly-Leu-Ser-Pro-Gly-NH2

pGlu-His-Trp-Ser-His-Gly-Trp-Leu-Pro-Gly-NH7

pGlu-His-Tyr-Ser-Leu-Glu-Trp-Lys-Pro-Gly-NH,

pGlu-His-Trp-Ser-His-Asp-Trp-Lys-Pro-Gly-NH2

Amino acid  sequences  of the identified GnRH  peptides in ve  rtebrates.

cGnRH-el  in the olfactory  bulbs, the telencephalon, the

hypothalamus, the optic tectum-thalamu$ and  the pituitary,
whereasthecerebellumandthemeduMaoblongatacontained

much  more  cGnRH-l1  than sGnRH.  Especially of note, cGnRH-

l] was  undetectable  in the pltuitary , This is also  true for masu
salmon,  Oncorhynchus  masou(Amano  etat,,  1992, 1993),

These  results suggest  thal, of the two GnRHs,  onTy  sGnRH  is

involved in GTH  secretion. As  an example,  sGnRH  contents

and  cGnRH-II  contents  in each  region  ot the brain of ovulated
female masu  salmon  are shown  in Fig, 2,

   ln the goldfish, sGnRH  was  distributect in a larger amount
in the olfactory bulbs, the telencephalon, the hypothalamus,
and  the pituitary than in the other  regions,  whereas  cGnRH-11

was  distributed widely  throughout  the brain with highest
concentratlons  in the medulla  oblongata,  The ma)or  difference
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Fig,2,

  female masu  salmon,  Schematicdiagram of a  sagittal section  of

   masu  salmon  brain shows  dissection todhe  determjnation of

   GnRH, Letters represent  the foliowing brain areas: a, oltactory

  buFbs,' b, teiencepharon jncluding the POA; c, medio-basal

  hypothalamus:  d, optic  tectum-tha[amus  and  dorsal

  hypothalamus/ e, cerebellum; f. medu[]a eb[ongata; g, pituitary.

 e

     abedefg

Contents of sGnRH  and cGnRH-11  perbrain regien in ovulated

between salmonid  fishes and  goldfLsh is that goldfish pituitary
contains  cGnRH-ll  {Kobayashi etal., 1992, t994).

   1n the Ev ropean  eel, Anguila anguina,  mGnRH  levels were

higher than cGnRH-11  levels in the pituitary, the olfactory  lobes

togetherwlththetelencephalon,andthediencephalontogether
wjth  the mesencephalon,  while  the opposite  results were

obtained  tor the posterior part of the  brain, Of interest, cGnRH-

ll Ievels in the pltuitary were  slightly  above  the ctetectable limit

(Dufour etal., t993),

   These studies  demonstrated that sGnRH  <or mGnRH>
and  cGnRH-]1  are differently dLstributed in the brain, and  also

necessitated to investigate the bocalizatien ot GnRH  neurons

and  the changes  ln GnRH  levels during gonadal maturation.

IMMUNOCYTOCHEMICAL  DISTRIBUTtON OF
          GnRH  NEURONS

   There have  been many  immunocytochemical  studies

relating  to the GnRH  system  in teleost brains. Serious

problems here are  that most  of these studies  used  antiserum

against  mGnRH,  tor example,  in the rainbow  trout (Goos and
Murathanoglu, 1 977; Schafer et al., 1 989), ln the goldtish (Steli
etal., 1984; Kah  et  at,, 1984), in the platyfish, Xiphophorus
macutatus  (M"nz et aL,  1981; Halpern-Sebold  and

Schreibman, 1983), in the eel (Nozaki etat., 1985; Grober et
al,, 1987), in the catfish, Clarias batrachus (Subheader and

Krishna, 1988), jn the Iabrid fish (Groberand Bass, 199D,
Seme  researchers  used  antiserum  against  sGnRH,  without

any  characterization  of cross  reactivity to cGnRH-l[,  i.e., in
the goldfish (Kah et af,, 1986), in the green molly, Poeciiia
latipinna (Batten et at., 1990), and  in the rainbow  trout

(Bailhache et aL, 1 994). Since, as  is mentioned  above,  more

than one  type ot GnRH  molecule  exists even  within the same

species,  several  authors  have immunocytochemically
examined  the distribution ot multiple GnRH  forms in the teieost
fish brains <Amano et al., 1991: Montero et aL,  1994;
Yamamoto  etaL,  1995; Kim etaL,  1995),

   The distribution of sGnRH  immunoreactive Or) neuronal
somata  and  fibers, and  that of cGnR-l1-ir  neuronal  somata
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A. sGnRH
OT

B. cGnRH-II
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Fig. 3, Schematjc Hus{ration of  the distribution of (A) sGnRH-ir
  neuronal somata  (Wled circies)  and  tjbers, and  {B) cGnRH-ll-ir
  neurenal  somata  (filled circles) and  iibers in masu  salmon.  ON,

  oltactory  nerve;  OB, oltactory  bulb; TNG,  te rrninal nerve  ganglion;
  T, telemcephalon; VT, ventral  te)encephalon; POA, preoptic area;

  OT,  optic  tectum-thalamvs;  PIT, pjtuitary; MT, midbrajn

  tegmentum;  C, cerebe)Ium/  M, medulla  eblongata.

and  iibers in the masu  salmon,  are  summarized  in Fig. 3

(Amano et al., t99t), sGnRH"r  neuronal  somata  were

scattered  in the olfactory nerve  (ON), the olfactory bulb (OB),
between  the oltactory  bulb and  the part of telencephalon which

corresponds  to the terminal nerve  ganglion (TNG), the ventFal

teeencephalon (VT), and  the preoptic area  (POA). sGnRH-ir
fibers were  distributed [n various  braln reglons  from the OB  to

thespinalcord.sGnRH-irfibersdjrectlyinnervatedthepituitary.
cGnRH-M-ir  neuronal  somata  were  found in the midbrain
tegmentum  located rostral  to the motoneurons  of the
oculomotor  nerve,  The  dlstrLbution oi cGnRH-i1-ir  fibers was

basically sjmiiar  to that of sGnRH-ir  fjbers except  for the

absence  of cGnRH-l[-lr  fibers in the piiultary. The number  ot

cGnRH-li-ir  fibers in the brain were  much  fewer than those ot
sGnRH.  The distribution ot sGnRH-ir  neuronal  somata  in chum

saimon  was  consistent  with that in masu  salmofi  (Kudo et aL,

1996>. These  results suggest  that, Ln salmonid,  sGnRH  not

Dnly  regulates  GTH  secretion  but also  functions as  a

neuremodulator,  whereas  cGnRH-11  functions on:y  as  a

neuromodulator.  Nonetheless, both GnRHs  can  stimulate

release  of GTH  ) and  GTH  ]I from the pituitary in w'tto in sockeye

salmon,  OncothyTichus netica  (Amano, 1993).

   Different[a"ocalizatjon of two types of GnRH, mGnRH

and  cGnRH-11,  were  reported  in the European siiver eel

(Montero et at., 1994), mGnRH-ir  neuronal  somata  were

observed  in the OB, the nucleus  oltactoretinalis, the VT, the

POA,  and  the mediobasal  hypothalamus.  mGnRH-ir  fibers

were  dLstributed in many  parts of the brain and  also  in the

pituitary. cGnRH-11-ir  neuronal  somata  were  detected in the
midbrain  tegmentum,  and  ve  ry few cGnRH-ll-ir  fibers were
observed  in the pituitary,
   ln the goldfish, sGnRH-ir  neu  ronar  sornata  were  localized

in the TNG  area  between  the ON  and  the OB, the VT, the

POA, and  the hypothalamus. cGnRH-ll-ir  meuronaF  somata

we  re observed  in the TNG, the VT, the POA, the hypothalamus
and  the midbrain  tegmentum.  Both sGnRH-ir  and  cGnRH-Il-ir

fibers were  distributed not only  in the hypothalamus and  the

pituitary but also  in varjous  braln areas  from the OB  to the
spinal cord  (Kim et aL , 1 995). These  results suggest  that both

sGnRH  and  cGnRH-11  not only  regulates  GTH  secretion  but

also function as  neuromodulators.  Indeed, both ierms of GnRH
have  been shown  to induce in vitro release  ot  GTH  ll and

growth hormone  (GH) jn goldfish (Marchant and  Peter, t989;

Marchant et aL, 1 989: Chang et al., 1 990; Habibi et aL, 1 992),

Although both GnRHs  bind to the same  pituitary receptors

(Habibi, 1991; Habibi et af,, 1992), they appear  to induce
hormonereleaseviasomewhatdissimilarmechanisms(Chang

et aL, 1991 
,
 1992>. Moreover,  stimulation  of sGnRH  and

cGnRH-II  on  GTH  lI synthesls  was  shown  in goldfish (Khakoo
et ai., 1994); sGnRH,  but not  cGnRH-11,  increased the
accumulatlon  of GTH  IIP and  GTH  or mRNA  in sexuaUy
regressed  tish, whereas  both sGnRH  and  cGnRH-11  stimuiated

accumulation  ot GTH  ll5 and  GTH  amRNA  in sexually  mature

fish,

   An  approach  requisite  for clarification of the function of

each  GnRH-ir neuronal  group is to examine  its projection area

in the brain, Recently, three different projection patterns were

demonstrated  in dwarf gourami, Colisa laria. GnRH  neurons

in the TNG  which  showed  strong sGnRH  and  weaker  cGnRH-

11 imrnunoreactivity projected to wide  areas  of the central

nervous  system  from the OB  to the spinal  cord;  sGnRH

neurons  in the POA  projected only  to the pituitary, and  cGnRH-

Ii neurons  in the midbrain  tegmentum  projected mainly  to brain
regions  posterior to the hypothalamus  and  the spinal  cord

(Yamamote et aL, 1995>. These different proSection patterns
indicate functional dLfferentiatjon of GnRH  neuronal  groups.

CHANGES  IN GnRH  CONTENTS  DURING  GONADAL
            MATURATION

   lf GnRH  ]s involved in gonadai maturation,  GnRH  contents

would  be expected  to change  during gonadal maturation,
Several studies  were  conducted  to measure  brain GnRH

contents  by RIA in re:ation to gonadal rnaturation in eel (Dufour
et al, , t982), platyfish (Schreibman et at., t983), brown  trout,

Satmo ttzttta (Breton etai., t986), caribe colorado,  Ry!}ocenttus
notatus<Gentile  etal.,  1986), goldfish (Yu et aL, 1987), and
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chinook  salmon,  Oncothynchus tschaavvytsca (Lewis etat,,

1992). However,  the results  were  discordanL A  clear

correlation between braln GnRH  contents  and  gonadal maturity
was  observed  only  in caribe  colorado  (Gentile et aL, 1986).

Such discrepancies may  be, in part, due to the use  of RIAs
employing  nonspecific  antibodies.

   We  investigated changes  in sGnRH  and  cGnRH-ll

contents  in the brain and  pituitary ot  masu  salmon  from

hatching through gonadal maturation  torthree years. During

gonadal maturation,  sGnRH  Ievels in the telencephalon
inc:uding the POA  and  the pituita ry correlatively increased with
the  eievatlon  in GTH  U Ievels in the pituitary and  the p]asma
(Fig. 4), cGnRH-H  were  undetectable  in the pituitary. Further,
no  signlficant  changes  in the concentration  were  tound in
discrete brain areas  durjng vitellogenesis  and  ovulation

(Amano etal., 1992}, These results together with  these ot

lmmunocytochemical  studies  suggest  that sGnRH  neurons  in

the telencephaion-POA  are  involved in gonada) maturation  in
masu  salmon.

   Recently, it was  demonstratect that GnRH  fibers

originating from the TNG  is not involved in GTH  secretion  and

fu rther in gonadal maturation  in goldfish, The sGnRH  contents

in the brain except  the OB  markedly  decreased by olfactory
tract sectioning  (OTX}, whereas  the cGnRH-ll  contents  in the

brain showed  no  clear changes.  Despite large decreases  in

the brain sGnRH  contents,  gonadal maturation  was  not

inhibited (Kobayashi et aL, 1992, t994}, ln dwarf gourami,
GnRH  neurons  in the TNG, possibly sGnRH  neurons,  may  be
the most  extensively  projecting GnRH  neurons in the brain
except  in the pituitary (Oka and  Matsvshima,  1993). These

resu]ts indicate that most  oi the sGnRH  tibers in the brain

originates from the TNG, and  that sGnRH  neurons  in the TNG

do not  project to the pjtuitary. Thus, it is possible that changes
in the sGnRH  contents  measured  by RIA retlect  the activitles
ot GnRH  neurons  in the TNG, lt should  be noted  again  that
the levels of GnRH  measured  by RIA must  be considered  as

a summatjon  of synthesis, release  and  degradation of GnRH
at  any  point in development, Therefore, it is necessary  to

examine  the expression  of  GnRH  gene  in order  to clarify
function of GnRH  ln reproductlon.

MOLECULAR  CLONING  OF  GnRH  GENES
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   There  afe  severa[  methods  for the examinatlon  of

hormonal gene expression,  Among  them, in situ hybridlzation

(ISH) can  be used  to analyze  mRNA  expression  ot tissues of

interestdirectlyonhistologicalsections(seeUranoandHyodo,

1990}, Since sGnRH  neuronal  $omata  are  wide[y  scattered  in
the brain, ISH in combination  with immunocytochemistry is a

strong  tooi to yield iRformation on  the dynamic aspects  of the

synthesis  of GnRH  in a  certain neuron  or region. However,
the ISH method  require  a  hybridization probe whose  nucleotide

sequence  is complementary  to the mRNA  to be examined.

   The cDNA  coding  for mGnRH  was  initially isolated from
human  placenta (Seeburg and  Adelman, 1984>, and

subsequently,  mGnRH  genes have been cloned  irom several

12501000750soe250o5040302010o252015105
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                        b
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Fig, 4, Changes in (A) sGnRH  contents in the tePencephalon, (B)
  sGnRH  contents  in the pituitary, (C) GTH  II contents  in the

  pLtuitary, (D) GTH  11 concentrations  in the  plasma, and  (E)
  gonadosomatic index (GSI) ef 2-year-old female masu  salmon,

  Meams with  differing letters diHer signifjcantly  (p<O,05) in each

  panel,

species  (Adelman et  aL,  1986; Mason  et aL, 1986), Chicken
GnRH-l (cGnRH-I> gene has been  cloned  from chjcken  (Dunn
et ai,, 1993), The cDNA  for cGnRH-li  has been isolated from
teleost fish (White etal., 1994; Bogerd et aL, 1994; Lin and
Peter, 1996), the cDNA  for sGnRH  from several  teleost tish

(Bond etat., 1991; Suzuki etaL,  1992; Klungland etat., 1992;

Okuzawa  et al., 1994; Grober et al., 1995; Ashihara et  al,,

t995; Suetake etal., 1995: Lin and  Peter, 1996>, cDNA  for

catfish GnRH  from African catiish, Ctarias gariepinus (Bogerd
et aJ., 1 994), and  cDNA  for seabream  GnRH  from Atrican
cichlid, Haplochromis  burtoni CWhite et al,, 1995) and  from
red seabream  (Okuzawa et aL, 1 996>,
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   ln general, a GnRH  precursor is composed  ot a  slgnal

peptide (SP), GnRH  and  a GnRH-associated peptide (GAP)
which  ls connected  to GnRH  by a  Gly-Lys-Arg sequence,  The

number  of  amino  acid  res[dues  in SP  and  GAP  in teleost GnRH

precursors are  shown  in Table 1 , The  Gly-Lys-Arg sequence

is considefed  to serve  as  a slgnal for proteolytic processing
and  C-terminai amidation  (Njkolics etaL, 1988). It was  reported

that GAP  showed  GTH-releasing actlvity and  prolactin-
inhibiting act]vity in rat (Nikolics etaL, 1985), although  prolactln-

inhibiting actMty  of GAP  is controversial, There have been no
reports  on  the physiological iunctions of GAP  in teleost fishes.

   The  distribut)on of GnRH  ISH positive neurons  has been
examined  in several  teleost fishes (Suzuki et al,, 1992;

Bailhache etal., 1994; White et at., 1995; Bogerd etaL  1994>,
The distribution of sGnRH  ISH positive neurons  is consistent
with  that of sGnRH-r  neuronal  somata  in masu  sa[mon  (Suzuki
et a/., 1992}, rainbew  trout and  Atiantic salmon  (Bailhache et

al,, 1 994), ln African cattjsh, cattish GnRH  ISH positive neurons

weTe  scattered  in the ON, along  both sides  of the midllne  of

the telencephalon, the POA, and  in the infundibular stalk close

to the pituitary, whereas  cGnRH-IHSH  pesitive neurons  were

observed  in the mldbrain  tegmentum  (Bogerd et  al,, 1 994), in
Afrlcan cichl[d, sGnRH  ISH positive neurons  were  detected in
the TNG,  whereas  seabream  GnRH  1SH positive neurons  were

detected in the  POA,  and  cGnRH-1L  ISH positVve neurons  were

detected ln the mesencephalon  (Whlte et  at,, 1995), ln red

seabream,  sGnRH  1SH posit[ve neurons  were  detected in the
TNG, and  seabream  GnRH  ISH neurons  were  detected in the
POA  (Okuzawa et aL, l996), AH these studies  suppert  the

data obtained  from immunocytochemistry.

REGULATION  OF  sGnRH  mRNA  EXPRESSION  IN
            SALMONID  FISHES

   The cDNA  sequence$  for sGnRH,  which  is Lnvolved in

gomadal maturation  th rough  GTH  secretlon, have been isolated

from several  salmonid  fishes (masu salmon,  Suzukl et al.,

1992; Atlantic salmon,  KPungiand etaL,  1992; sockeye  salmon,

Ashihara et at., 1995), making  it posslble to examine  sGnRH

synthetic  actMty  using  ISH. Hence, we  examined  the change$

of sGnRH  mRNA  expression  in context  of several  aspects  of

reproduction  in saimonid  fish,

(a) Changes in sGnRH  mRNA  expression  during gonadat
maturation

   The  widespread  distributien of sGnRH-ir  neuronai  somata

in the ventral part of the brain suggests  that sGnRH  has seve  ral

functions in the brain in addltion  to the stimulation  of  GTH
secfetjon  <Amano et aL, 1 991): however, it still remains  obscure

which  sGnRH  neurons  are  involved in gonadal maturation  via

GTH  secretion, We  therefore examined  the changes  of sGnRH

mRNA  expression  during ovulation  in 2-year-old femaie masu
salmon  {Amano et al., 1995a), 1n this study, sGnRH  synthetic

actMty  were  estimated  by the number  of neurons  expresstng

sGnRH  mRNA,  the number  of silver grains per neuron,  and

the  total number  of  silver  grains per unit  area.  The activity

was  increased in the VT  and  the POA  during maturation  in
accordance  with  increases in GSI and  plasma GTH  I]
concentratjons(Fjg,5),Onthecontrary,nosigniticantchanges

were  observed  in the OB  and  the TNG,  These  results indicate

that sGnRH  neurons  in the VT  and  the POA,  but not  in the OB
and  the TNG,  are  involved in the regulatlon  of gonadal
maturation  possibly through GTH  secretion, These results are
consistent  with  the previous data that sGnRH  concentrations

in the telencephalon includjng the POA  increasect with gonadal
maturation  <Amano et al,, t992, 1993).

   In the dwarf gourami, GnRH  origlnating  from the TNG
does  not  affect GTH  secretion  but rather has a function as  a

neuromodulator  in the brain <Oka and  Ichikawa, 1990; Oka,
1 992; Yamamoto  et aL, 1 995). sGnRH  originating  from the
TNG  is ajso  not  considered  to be essential  for gonadaL

development in goldf[sh (Kobayashi et at., 1992, 1994). It is

Table 1, Amino acid  numbers  ot signal  peptide (SP) and  GnRH  as$eciated  peptide (GAP)
   ot GnRH  precursors identitied Ln teleost fishe$

GnRH  form Species spGAP References

sGnRH

cGnRH-11

cattIsh GnRH

seabream  GnRH

cichlidmasu
 salmon

Atlantiesalmon
red seabream

sockeye  salmon

plainfinmidshipman
goldfishgoldtishcichiidcattishgo)dtishcatfishcichlidredseabream

23232323232323232324242122235446465446535858494949466359Bend  er al, (199t)
Suzukl et  ai, <1 992)
Klungland etal,  (1992)
Okuzawa  et aX. {1994)
Ashihara et  aL  <1 995)
Grober et aL {1995)
Suetake  et  al. {1995)
Lin and  Peter (1 996>

White et  a"1  994)
Bogerd etal. (1994)
Linand  PeterO996>

Bogerd  et at. (1 994)

Bogerd etat. O995}
Okuzawa  et  al. (1996)
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5. Changes in <A) the number  of neurons  expressing  sGnRH

mRNA  in the brain <OB, TNG,  VT, POA), (B) plasma GTH  11
concentiations,  and  {C} GSI ot 2-year-old iemale masu  salmon.

Mean$  wilh  ciiffering letters djffer significantly (p<e.05> in each

panel.

also possible that sGnRH  neurons  in the TNG  function to only

modulate  neuronai  actMty  in masu  salmon,

(b) Changes  in sGnRH  mRNA  expression  induced  by

photoperiodmaniputation

   Gonadal maturation  in salmonid  fjsh occurs  in autumn                                            '

since  the decreasing photoperiod in autumn  acceierates

gonadal maturation  (Billard etat,, 1978), Testicular maturation

of underyearling  precocious male  masu  salmon  could  be
experimentally  manipulated  by changing  the [ength of the Iight-

Ju]y August September

Fig. 6. Changes in (A) the number  of neurens  expressing  sGnRH

   mRNA  im the VT, (B} the number  of neurons  expres$ing sGnRH

   mRNA  in the POA, (C) p[tuitary GTH  11 contents,  and  (D) GS] of

   underyearling  male  masu  salmon  reared  under  8Ll6D or 16L8D.

   
'p(O.05:"p(O.Ol;betweenthe8Ll6Dand16L8Dgroupineach

   month.  Means  with differi ng letters differ signMcant)y  (p<O.05) jn

   each  panel.

dark photoperjod. Maturation was  accelerated  by changing

the phetoperiod from natural to short  (8L16D) in June, and
was  delayed by keeping the photoperiod long (16L8D} from
June {Amano et  al., 1994a). sGnRH  mRNA  levels in the VT
and  the POA  incfeased when  the fish spermiated;  the actMty
increased in August in the BLI6D  group, and  in September in
the 16L8D  group, respectively.  Mereover, the [ncrease of
sGnRH  mRNA  levels was  in accordance  with the increase of

pituitary GTH  li contents  (Fig, 6). No significant changes  in
sGnRH  mRNA  Ievels in felation to gonadal matuTation  were

obse  rved  in the OB  and  the TNG  (Amano et aL, 1995b>, These
results indicate that sGnRH  neurons  in the VT and  the POA

are  infiueRced by photoperiod, and  are  involveci in the
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regulation of  gonadal maturation  through GTH  secretion,

(c) Changes in sGnRH  mRNA  expression  induced by sex

steroids

   Accumulation  of GTH  in the pituitary can  be stimulated
by aromatizable  androgen  or  estrogen  in iuvenlle tish; this is
a  known positive feedback system  <see Goos,  1987). The

involvement of GnRH  in this mechanlsm  is speculated,

because  sex  steroid  administratjon  increased the amount  of

GnRH  in the hypothalamus of the European silver eel (Dufour
et aL, 1985), and  rainbow  trout (Goos et al., 1986). On the

other  hand, the stimulatory  effects of testosterone on  the

expre$sion  of pituitary GTH  11fi gene was  demonstrated jn yitso

jn juvenile rainbow  trout <Xiong et ai,, 1993). Thu$, whether

steroids  have direct actions  on  the pituitary, or act indirectly

via  GnRH was  uncLear,

   We  examined  the effects of 1 7a-methyltestosterone (MT)
on  sGnRH  mRNA  expression  in yearling ma$u  salmon  (Amano
et aJ., 1 994b>. Oral MT  application markedIy  increased pituita ry

GTH  115, but not GTH  IS concentrations  in both sexes.  In tuture

precocious males,  MT  treatment fu rther increased the number

of neurons  expressing  sGnRH  mRNA  in the POA  but not  in

the OB  and  the VT  (Fig, 7), whereas  sGnRH  mRNA  levels
were  noi  changed  by MT  in immature females. These  results

suggest  that sGnRH  is jnvo]ved in the positive feedback system
at least in future precocious males,  and  that the djfference in

the responsiveness  of preoptic sGnRH  neurons  to MT  js based
on  the maturational  stage  of  the  fj$h. The  result  that sGnRH

mRNA  levels in the POA  was  increased by the administration

of MT  in 2-year-old females which  are just beiore the initiation

of gonadal maturation supports  this hypothesis (Amano etat.,
1997), Of note, studles  on  pubertal development have been
conducted  in a  number  ol teleost fish species  such  as  ihe

rainbow  trout (Gielen et af,, 1982; Goos  et  ai., 1986}, the ee]
(Dufour et  aL, 1985; Counis et aL, 1987), the platyfish

(Schreibman et at., 1986), and  Afrjcan catfish (Schulz et aL,

1994a,b), These  studjes suggesMhat  sex  steroids initiate andf

or accelerate  the development ot the brain-pituitary-gonadal
axis, Taken together, the response  ef preoptic sGnRH  neufons

to steroids  is a necessary  condition  tor gonadal maturation  or

the development  of the brain-pituitary-gonada: axis,
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Fig, 7, Changes in <A> the number  of  neurons  expressing  sGnRH

   mRNA  in the POA,  (B) pjtuitary GTH  IB cencentratlons,  and  (C}
   pituitary GTH  1IP concentrations in the control and the MT-treated

   groups, 
"(P<O,Ol)

 and  
"'{p<O.OOI)

 indicate the  level of

   significafit  difference between the control  and  the MT-treated

   groups,

(cV Changes in sGnRH  mRNA  expression  during seaward
migration

   sGnRH  neurons  jn the ON  and  the OB  may  be involved

in the seaward  migratlon  of salmonid  fish, as  the importance
of oifactory  tunctions during homing  migration  has been
conf[rmed,  Interestingly, sGnRH  mRNA  expression  in
cribritorm ganglion IR the ON  increased during downstream
migration  in juvenile chum  salmon  (Parhar et ai,, 1994).

Meanwhile,  changes  of sGnRH-producing  neurons  ln chum
saimon  during homing  mLgration  from cea$tal  seas  to the

spawn[ng  ground of the maternatriver  was  examined  using

tSH <Kudo et ai., 1996). sGnRH  mRNA  levels in the ON  and

the ON-OB  were  high in fish in the coastal  seas,  but activjty
decreased in the spawning  ground. These results suggest  that

sGnRH  neurons  in the ON  and  probably some  in the ON-OB
may  be involved in seaward  mjgratlon,

Cb) Existence of  two difiering precursorgenes  fOr sGnRH

   Existence of two djtterent genes for sGnRH  have  been
demonstrated in sockeye  salmon  (Ashihara etal., 1995). These

authors  found two different cDNAs  for sGnRH  precursors (pre
sGnRH-1  and  pro sGnRH-ll>;  pro sGnRH-l  cDNA  is 436 base

pair long (short type) and  pro sGnRH-ll  cDNA  is 482 base

pair ]ong (long type). A  question arising here is whether  the

two genes encoding  sGnRH  are  expressed  equaliy  or

differently, We  are now  attempting  to examine  the distrlbution
of sGnRH  neurons  expressing  short  type  and!or  long type
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sGnRH  precursors jn the sockeye  salmon  brain using  ISH.

CONCLUSION

   At present, nine  GnRH  mo)ecules  have  been

characterized  throughout  the vertebrates,  and  the existence

of  rnultiple  torms of GnRH  in the brain was  obse  rved  also  in

teleost fish, AU of the teleosts examined  thus far have cGnRH-
11, whereas  the second  form is either sGnRH,  mGnRH,  catiish

GnRH, or seabream  GnRH. Distribution of GnRH  neurons  was

examined  using  immunocytochemistry, ln general, sGnRH

neurons  were  distributed trom the ON  to the POA  or the

hypothalamus, whereas  cGnRH-II  neurons  were  detected in

the midbrain  tegmentum.  GnRH-ir fibers were  distributed in
various  bTain regions,  indicating multiple  neuroendocrine

functlons in the brain,

   The brain GnRH  contents were  measured  by RIA and

re]ated to gonadal maturation,  although  results are discordant,

lt was  demonstrated that most  of the sGnRH  flbers in the brain
origimate from the TNG, and  that sGnRH  derived trom the TNG
is not essential for gonadal maturation.

   Recent determination of the cDNA  encod[ng  GnRH
precursors has enabled  the investigation of  GnRH  synthetic

activity using  ISH, The distributlon of GnRH  ISH positive
neurons  was  examined  in several  teleost fishes and  the results

corresponded  to those obtained  by immunocytochemical

investigatlon, We  examined  sGnRH  mRNA  expression  of

salmonLd  fishes, and  found that sGnRH  neurons  in the different
brain regions  have djfferent functions according  to their

location.

   The function of sGnRH  in the brain of  teleost flsh,

especially  in salmonids,  has been  partly elucidated  by use  of

RIA, immunocytochemistry and  ISH. However, the function of

cGnRH-1l,  which  is distributed in almost  al1 of the teleost fishes
examined  so  far, remains  unclear,  except  forthe stimulation
of GTH  and  GH  release  in vitro,

   It has been  proposed that GnRH-ir neurons  are  derived

from the olfacto ry placode and  migrate  to the forebrain during

prenatal development  jn the mouse  {mGnRH; Schwanzel-
Fukuda  and  Pfaff, 1989; Wray et aS., 1 989), the chicken

(probably cGnRH-I,  Murakami et aL, 1991), and  the newt,

Cynops pyrrhogaster(probably mGnRH,  Murakami et at,,

1992). In chum  salmon  and  sockeye  salmon,  GnRH  (probably
sGnRH}  neurons  originate in the olfactery placode and  then

migrate  into the brain along  the ON  (Chiba etal., 1994; Parhar

etaL,  1995). Recently, it has been reperted  that cGnRH-11  are

not  olfactory  placode  origin  in the axolotl,  Ambystoma
mexicanum  <Northcutt and  Muske, 1994). cGnRH-11  may  not

origLnate  from the olfactory placode in teleost fish as  well.

Studies on  the ontogeny  of the GnRH  system  may  be helptul

in understandlng  the  functlon of  GnRH  in the brain.
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