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Abstract
THE ONTOGENY AND FUNCTIONAL SIGNIFICANCE OF
LUTEINIZING HORMONE RELEASING HORMONE (LHRH) CONTAINING
CENTERS OF THE BRAIN OF THE FRESHWATER TELEOST,

Xiphophorus_maculatus

by
Leslie R. Halpern - Sebold
Advisor: Martin P, Schreibman

The use of cytometric, immunocytochemical and radioimmunolog-
cal methods has allowed the investigation of the ontogeny and functional
significance of LHRH containing centers in sibling platyfish (Xighoghorus
maculatus) genetically determined to reach séiual maturity at different
ages and in adult fish which were hypophysectomized and given replacement
therapy with gonadotropin.

There is a sequential development of three immunoreactive (ipr-)
LHRH centers in the brain that is directly related to stage, not age of
sexual maturation. The first region to contain ir-LHRH is the nucleus
olfactoretinalis (NOR). Ir-LHRH then appears in the nucleus preopticus
periventricularis (NPP), followed by the nucleus lateralis tuberis (NLT).
This anterior to posterior sequence has been termed as the "cascade
éffect" and is essentially similar in both early and late maturing geno-
types, except that in late maturers, specific steps of the "cascade effect"”
take place at similar developmental stages, but in older animals, and
require more time to be completed.

The appearance of these LHRH producing centers in the brain precede
and are presumably essential for the completion of gonadotrop development
and the subsequent maturation of the gonads. A direct correlation is found
between the number of ir-LHRH containing perikarya in the brain and number

of ir-GTH cells in the pituitary of both early and late maturers.

Vi



In both genotypes, the number of ir-cells are similar in the NOR and
PI, but in late maturers, the number of ir-tells in the NPP,NLT and CPD
are significantly less.

The dynamics of the interaction between LHRH and GTH are further
illustrated by the effect of hypophysectomy and hormone replacement, ICC
and RIA results demonstrate that hypophysial removal produces distinct
changes in the distribution and quantity of LHRH in the brain. A decrease
in the total LHRH content occurs in the brains of: hypophysectomized
animals, which is partially restored by the administration of gonadotropin.

The different responses of these ir-LHRH containing centers to
hypophysectomy and the sequential sccumulation of ir-LHRH in the NOR,NPP
and NLT between birth and puberty suggest that they differ in their roles
in regulating BPG axis function.

The results of this study also indicate that the site(s) and mechan-
ism(s) of the P gene are highly complex phenomena and that the P gene
may express itself, either directly or indirectly , at various levels of

the nervous and endocrine systems,

vii
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Introductions
For many years, considgrable effort has been spent seeking

understanding of the mechanism(s) that control sexual maturation.

in developmental events within the

[}

Puberty in vevtebrates, has its basi
brain~pituitary- QOﬂqudl (1 Pu) aris. Luteinizing hormone releasing
hormone (LHRH}, also known as gonadotropin releasing hormone (GnRH),
regulates the synthesis and releasc of genadotropins. from the anterior
pituitary gland ctf mammals (Schally et. al., 1971; Ojeda et. al., 1330,
19833 Reiter and Grumbach, 1982). During gestation a relationship is

established between the appearance of LHRH in specific regions of the

brain and the functicning of the hypophysis (guirnea pig, Barry and
_ s Pliy

Dulois, 197%; Silverman and Zimmermarn, 1978; Schwanzel.Fukuda and

Silverman, 19803 razt, Setalo et. al., 197Z; Datkeku et. al., 19805 mouse,
Hoffwan et. al., 1978% Gross and Baker, 1979; humans; Pugnon et. al.,
1277; Barry, 19793 monkies, Silverman et. zl., 1¢77; Faulin et. al.,

1977) .

Considerably legs is kpown about Lthe intecrrelationships of the

o3

brain, pituitary ard genads in non-mammalian vertebrates In teleosts,
a5 in mammals, the brain and pituitary are anatomically and funciionally
livked (Peter, 1970, 1973, 1982, 1983a,b), however, in fish but not

mammals, axons of neursaecretory cells ena on or near genadoiropic cells

S'.O

(Schreibman et. al., 1973, 1979; Kaul and Vollrath, 1974; Pohar, 1993a,

™

b; Nagahama aad Deter, 19325 Zambrano, 1970, 19713 Peule et. al., 1976,

¢

Baill, 1981). Two types of ‘fibers, A and B, criginating in the nucleus

npreonticus (NEC) and nucleus lateralis tuberis (LT) of the hypothalanmus

vespectively, innervate the gonadetropic cells (Peter and Yagahowz, 19763
¥ % Oy L 1 > i re SR s ot »” e Sty : - " e b Ty A e e ~ o - - e = e [ PO
Bazi, 1981; Petloer, 1863a,b) . Liecltrizal dceionang of oxons coansting

from perikarya of the NIT, redcoiis in a decrease in the lavelsw of
J 2



circulating gonadotropin and gonadosoﬁaﬁic indices (Peter, 1982, 1383;
Peter et. al., 1978; Peter and Crim, 1979; Peter and Paulencu, 1980).

The existence of LBRH in;teleosts has been established and its role
appears to be similar to the,one it serves in mammals. Analogues of
mamnalian LHRH can induce gonadotrop proliferation and subsequent
gametogenesis in sterile hybrids of platyfish (Bao and Kallman, 1982),
goldfish (Peter, 1982; Peter, 1983)vand medakas (Chan, 1977). Similarly,

crude hypothalamic extracts have been isolated from the teleost brain

that elicit LHRH-1like activity both in vivo and in vitro and a

gonadotropin releasing hormone has been identified in several teleosts

using biochemical methods ({yprinus carpio, Breton et. al., 1975;

Caracssius auratus, Crim et. al., 19763 Pseudopleurcnectes americanus
v Sl Gl ’ '

Crim et. al., 1981; Sarotherodon mossambicus, King and Millar, 1980;

Barnett et. al., 1979, 1982; Sherwood et. al., 1983). The LHRH molecule
of teleosts contains regions of amino acid sequences that érc similar to
mammals, thus indicating conservation of structure throughout vertebrate
evolution (King and Millar, 1980; Barnett et. al., 1982; Sherwood et.
al., 1983).

Immunccytochemistry has been useful in identifying centers
containing immunoreactive (ir-) LHRH and their neuronal paths to the
pituitary. Ir~material has been identified in perikarya and axous of the
. nuqleus olfactoretinalis- (NOR), nucleus preopticus pzariventricularis
(NPP) and nucleus lateralis tuberis pars posterioris (NLTp) in the brain,
and in aional endings supplying cells containing ir-gonadotropin (GTH) in
the caudal pars distaliz ¢f the pituitary and in cells of the pars
interwedia (PXY in suveral telecéts platyfish (Sehreibmon ob. al., 1579
Munz et. al., 1981, 1932); goldfich (Kah et. al., 1954)3 rainbow trout

(bubois ét. a ] 079« (e aad o y 3O
s et. al, 1979; CGoos ang Mursihanagiu, VT three-spine



stickleback (Borg et. al., 1982) and carp (MNozaki and Kobayashi, 1979;
Nagahama and Peter'-, 1982). There have been no studies on the ontogeny of .
LHRH-containing centers in the brain of teleosts and its functional
significance in the development of sexual maturation. |

Xiphophorus maculatus (the platyfish) can be used as a model system

for investigating the interaction of the genome with ;he neuroendocrine
system in determining the timing of puberty (Kallman and Schreibman,
1973; Kallman et. al., 1973; Schreibman et. al., 1973, 1979, 1982a, b, c,
d; Schreibman and Kalliman, 1977, 1978). The age of onset of sexual
maturation depends upon at least five alleles at the P locus. These
alleles are located on the sex chromosome(s) and are linked to a number
of pigment genes (Kallman and Schreibman, 19735 Kallman et. al., 1973;
Kallman anci.‘Borkoski, 1978). Each combi.nation of P alleles (_IZ1 to _Yis)
'dete;*mines the -age and S.LZe at v:rhich the gonadotrops of the pituitary
proliferate and become physioclogically active and sexual development
ensues (Kal.lmg-rx and Schreibman, 19733 Kallman and Borkoski, 1978;
Schreibman and Kallman, 19783 Bao and Xallman, 1982). Specific genetic
crosses can be generated to produce siblings that reach puberty at
different chr‘onoiogical ages (Kallman and Schreibman, 1973:; Schreibman
and Kallman, 1977; Kallman and Borkoski, 1978). Changes in the brain-
pituitary-gonadal (BPG) axis therefore occur in clear definite stages
that are easily identified and thus permit the investigation of puberty
phenomena in diff‘erent genotybes (Schreibmén et. al., 1982a, b, c).
Pituitaries from late maturing animals do not possess a functional
gonadotropic zone at the same chronoclogical time as early maturing sibs
(Kallman and Schreibmarn, 19735 Schreibman. and Kallman, 1977, 1978;

#

s

Kaliman and Dorkoskl, 19 . Since pituitary develioprent differs betvean

genoltypes and since LUTH is needzd for a nro’ifiraticn of ponadolron



activity, a study was undertaken to ekémine the ontogenic interacticn
between the abpearance of LHRH-containing centers in the brain and the
development of pitﬁitarymgonédal activity in early and late maturing
platyfish. This study is diviQed into two parts:

(1) The ontogeny of lutéinizing hormone releasing hormone (LHRH)
centers in the brain of platyfish genetically produced to reach puberty
at two different ages in order to correlate the development of hormone-
containing brain regions with pituifary—gonadal structure and function.

(2) Hypophysectomy and replacement with fish gonadetropin in
' sexually mature platyfish, to examine the dynamics of tha interaction of

LHRH and GTH synthesis and secretion.



Materials and Methods

The platyfish, Xiphophorus maculatus, is a freshwater poeciliid whose
habitat ranges from southeastefn Mcxico to Belize. The oﬁiginal stocké
were collected for the ﬁew York Z?ologioal Society in 1939 by Myron Gordon.
Descendents of thesé sfocks%and those more recently collected are
maintained and bred at the Osborh Laboratory of Marine Sciences of the New
York Aquarium. Some stocks collected in the Rio Jamapa (s;rain 163A and
163B) haye been inbred for over 60 generations.

The sex-linked gene, P, determines the age at which the onset of
sexual maturity occurs in male and female platyfish (Kallman and
Schreibman, 19733 Kallman et al., 1973; Schreibman and Kallman, i977;
Schreibman and'Kallman, 1978). Five P alleles (21 to 25) nave been
‘identified in natural populations -and léboratory sfocks (Kallman and
'Borkoski,.19785;' These alieles detérﬁiné the time at thch theibrain-
pituitary-gonadal axis becomés active and sexual maturation ensues. The P
factors are carried on both sex chromosomes, X and Y, and are closely
linked to a number of color genes that serve as phenotypic markers for the
P locus (see table 1).

The 193 male and female platyfish used in these studies were derived
from stocks of the Genetics Laboratory of the Osborn Laboratories and their
descendents that have been maintained and inbred at Brooklyn Collcge.
Siblings, or fish of the same age and genetic sérain, were used in each
experiment (see table 2) for genetic crosses. All animals were fed three
times daily a diet of liver-cereal mixture, brine shrimp nauplii or dried
‘shredded shrimp and/or commercial flake food (Tetramin or cquivalent).

A1l fish were kept under a 16 hour light - 8 hour dark cycle, at
appoximately 2 °c in'aquaria containing "aged" New York City tap water,

gravel and plants.

..y



Anal Fin Metamggghosis

The transformation of the anal fin of males into a gonopodium, which
transmits sperm during copulation can serve as an in vivo indicator of the
stage of sexual maturation and of sex steroid levels (Grobstein, 1948;
Schreibman.gg al., 1982). There,are'six clearly defined stages in this
anal fin metamorphosisl(see Table 3) which are dependenf upon increasing
levels of androgens and can thus be used to indicate the stage of sexual
maturation. |

The various stages of gonopodial development are described below and
are correlated with the developmental phase of the BPG axis (see Table U4);

(1) Unmodified Anal Fin: This is characteristic of males from birth to

stage 1. Pituitary glands contain all cell types except for the
gonadoiropic zone of the ventral caudal pars distalis (vCPD) (Schreibman,
1964)." Testes are comprised of two lobes, with spcrmétogonia on their
périphery, surrounding a céntral connective tissue region (Schreibman et
al., 1981). Ovaries are composed of previtellogenic oogonia (see

Schreibman et al., 1982, for details).

(2) Gonopodial Stage 1: The 3rd, U4th and 5th rays of the anal fin are

elongated. It pccurs at four to five weeks of age in all males, rcgardless
of genotype. The gonadotropic zone cof the vCPD contains only a few
chromophobic cells. Spermatogenesis proceeds up to the spermatczcyte stage
and cogenesis proceeds up to the yolk depositioh stage (Schreibman and
Kallman, 1977, 1978).

(3) Gonopedial Stage 2: The distal ends of the fin rays centinue to

cloengate and thicken to form the forerunner of the "holdfast" structure.

: ; ) 1,2 o " - . 2
Thic occurs as early as 10-11 wcaks in P 2% animals and 25.26 wecks in P PS

. 1

fish. Gonadotrops in the vOPD inerense in nunboer daond display si

secrctory activity. Sccondary sperustocytoes are noo provalent and Lhe



beginning of spermiogenesis is in evidence. Oocytes begin to accumulate
yolk granules (Schreibman and Kallman, 1977).

(%) Coneopodial Stage 6: The gonopcdium appears as an elaborate bony

structure. This occurs at 18—56 weeks in 3122 animals and 59-73 weeks in
g?gS animals. The gonadotropic ébne and gonads are completely developed at
stage 6 and are indistinguishable in early and late maturing males.

In females sexual maturity is determined by the presence of at least

one yolky oocyte and is ascertained at autopsy.

Hypophysectomy (H):

a) Temporal Study

Thirty, . 34 week~o0ld, sexually mapure female platyfish of the Jamapa
stock (JP 163A, generations 57, 58 and 59) wefe used.

One week before hypophvsectomy, fish were transferred from freshwater
into tanks containing aeratéd 1/3 sea water, gravel and no planfs. Fish
were anestetized in 0.0"% tricone methane sulfonate (MS-222), and the
pituitary was removed according to the method of Schreibman and Kallman
(1966). Sham-operated and hypophyséctomized animals were returned to 1/3
sea water. At 1, 3 and 5 weeks following sﬁrgery, 7 B and 3 sham-operated
animals were sgcrificed and processed. for ICC analysis.

Hypophysectomy and Gonadotropin (GTH) Administration:

Sixty-five, 381 week-o0ld, sexually mature female platyfish of the
Jamapa stock (JP 163A, generations 57, 58 and 59) were used in this study.
Fish were operated on as indicated above and on alternate mortings

beginning on tne fifth weck following surgery all animals were injected
intraperitoneally, with either 5 ul of 0.6% NaCl1 or 10 ug salmon GTH (SG-
G100) in 5 ul o 0.6% NaCl, per gram body welghl. & total of S injections

vere administered. Animals were decapitated and nrocessced for analysis ?

hours after the {ifth injection (0 weeks nont-on).



The three experimental groups weres

Group 1: Sham»gperatedmsaline injected; of the 15 animals, 8 were
prepared for radicoimmunoassay RIA and 7 were processed for ICC study.

Group 2: Hypophysectomized-saline injected; of the 25 animals, 12‘were
prepared for RIA and 13 processed for ICC.

ggggg_g: Hypophyseétomized—GTH injected; of the 25 animals, 14 were

prepared for ICC and 11 for RIA.

Histology:

Animals were decapitated just posterior to the opercuiuvm and heads and
bodies were placed in Bouin's fluid containing acetic acid for twenty-four
hours, under vacuum (23 mm Hg) at room temperature. Tissues were
decalcified (Decal, Omega Co.) dehydrated (Zirkle normal butyl alconol
series, Krajan, 1940), and subsequently embedded in "Paraplast™ (Monoject)
ﬁnder a dissecting microscoﬁe. Five micra {(um) thick serial cections werse
cut in the transverse or sagittal plane, mounted on gelatin coated slides
and processed for immunocytochemical and/or histological evaluation or
confirmation of hypophysectomy.

The folloying histological stains wére utilized:

(1) Niss) Stain: to demonstrate basophilia in neurons processed for
histolegical and immunocytochemical evaluation.

(2) Masson's Trichrome: to analyze pituitary cell types and neurons

and as a counterstain for immunocytochemically treated slides.

(3) Harris' Hematoxylin and Eosin: to evaluate the stages of

gametogenesis.

}—t

Immionosytochemistry (

o)

The indircct immuncweroxidase anti-perovxidese {(I'AP) methed of

Sterntercar ¢t al.; (1970) was ewnloyed for all immunocviochemical



evaluations using rabbit antiserum to synthetie LHRH (aﬁti-LHRH; Goos et
al., 1976) or to the beta-subunit of purified carp gonadotropin (anti-
cGTHB; Burzawa-Gerard et al., 1976; Fontaine and Burzawa-Gerard, 1978).
For methods of preparaﬁion of antibodies and their conformation of
specificity, see discussion of m;thods..

Anti-LHRH was used at a concentration of 1:500 or 1:1000, anti-cGTHB
at dilutions ranging from 1:1200vto 1:3000, and rébbit peroxidase anti-
peroxidase (PAP) complex (Cappell) at a dilution of 1:200. All dilutions
were made using sodium phosphate buffered sgline (PBS 0.01M; pH 7.06). 1In
order to verify the specificity of the antisera, control procedures, in
which adjacent sections were alternatively incubated with anti~LHRH or
anti-GTHB, or any one of the following, were employed:

(1) Normal éheap serw anﬁ/or Hormal rabbit seru@ in the samc dilution
as the primary antisera.

(2) Phosphate buflfered saline.

(3) Primary antiserum which had been preincubated {24 hrs. at 4°¢)
with corresponding antigen (syntheéic LHBH or carp GTH) or heterologous
antigen rat neurophysin protein or thyroglobulin (Sigma) at a concentration
of 1.-10 ug per .1 ug antitody, in final dilution.

(4) oOther LHRH antisera prepared against varying specific portions of
‘the amino acid seduence of LHRH:

(a) Arimura 710: 1:250-1:1000 (prepared agéinst the N-termiius)
(b) Arimura T43: 1:250~1:1000 (prepared against the C-terminus)
XS) Antisera prepered against other pituitary glycoprotein
hormones or thzir subunits:
(a) huti-aGTH (alpha-subunit); 1:1000«1&3000.
(b) fntiserum te the beta subunit or entire molecule of human

thyreid stimulating hormens (TSH); 1:47000- 125000,



Hadioimmunoassay:

Animals were decapitated and brains (with or without attached
pituitaries) were dissected oup of the cranium. Individual brains were
immediately placed into 500ul éf cold 1N acetic acid, homogenized and
centrifuged at 2900 RPM at 4°C %or 30 minutes. The supernatant was frozen
immediately and stored at —5600 ﬁntil ready for analysis. The pituitaries
of fish in the same control group were pooled but otherwise processed in
the same way.

Thé‘RIA was performed according to the method of Nett et al., (1973),
as modified by Araki gg'gl., (1975). The LHRH antiserum, specific batch
number U2, »orepared py Niswender against the C-terminus of the decapeptide
shows no cross-reactivity with a number of other neuropeptides and variogs
LHRHE analogues. Tweﬁty—five,-fifty, seVenty-five,'and one hundred ul
éliquots'were'aésayed'to arrive at a dilution curve (Plate 1). The
anbtiserum were used ag a dilution of 1:50,000. The sensitivity of the
assay was 5 pg/ml and results were calculated as pg/ml extract examined.
The parallelism obsecrved betwecn the LHRH reference standard and the fish
brain extracts (Plate 1) justifieé the application of this RIA procedure to
platyfish. P}ate 2 is the actual curve used to evaluate the effect of
hypophysectomy on ir-LHRH levels.

Forphometric Analyses:

(1) .Volume Measurements of Brain Nucleij; NOR, NPP and NLT: The method

described below is medification of the ons developed by Schwanzel-~Fukuda
and associates (1981). The boundaries of the NOR, NPP, and NLT, as
observed from Masszon and Nissl stained material, were drawn onto graph

0y

papes, composed of Tmm sqguares using 2 camera lucida (Leitz) at a
magnification of Y950X. Drawvings were made at intervalas of 10 microns

(every other sagittal scerion in both hemispheres of each hwein nelevs).

.10
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The volume of eagh.brain nucleus was then obtained by taking the averapge
volume per section and multiplying it. by the total number of sections in
which that nucleus appeared. The volume of the nucleus in each section was
determined by multiplying the actual area of the nucleus by the thickness

of the section (5u).

(2) Number of Neurons in Each Brain Nucleus: Nissi1 and/or Masson

Trichrome stained sections were used and the boundaries of the NOR, NPP and
NLT were drawn on graph paper (details abové) from every second or tﬁird‘
section {(10-15u intervals) at 950X magnification. Counts were made only
for perikarya which contained a visible nucleus. Adjustments were made for
double counting by applying_the Abercrombie correction factor: P = A
(M/L+M), where P = average number of nuclei per section, A = number of cell
nuclei actually counted, M = thickness of section (5um), and L = average
length of the cell nucleus (in um)'(Aberqrombie, 1946)., To arrive at the
ﬁotal number of neurons in-each brain nucleus, P was multiplied by the
total number of sections in which that brain nucleus appeared.

(3) Number of Gonadotrops in Pituitary: Fituitaries prepared for

immunccytochamistry were used for counting the number of gonadotrops
according to the following procedures:

(a) Lateral Caudal Pars Distalis (1CPD): Nuclei of these
gonadtrops were counted with an ocular reticule (900um2) to provide the
number of gonadtrops per unit area at a magnification of 950X. One scction
from each side of the lateral CPD, equidistant between the mid-sagittal and
the extreme lateral plane, was chosen for each pituitary. Each section was

carefully positionsed under the net reticules so that the same area of the

v

JCEPD wan evaluated in all pitaitaries. Counts were wade for only those ir-
ponadotrops where the nuclous was vizible.

(b) Ventral Caudat Pars Distatis (vOID): A mid-sasilpal zection

)

-



was chosen and the total number of vCPD ir-gdnadotrops in that =section were
counted.

(e¢) Pars Intermedia (fl): A mid-sagittal section was chosen and
the total number of ir—éells were;counted.

(4) Area of Neuronal Muclei:iFive to 10 neurons were randomly selected

for calculating nuclear area using alternate sections from both hemispheres
which contained the NOR, NPP or NLT. A total of 30-85 neurons of each
region were chosen for measurement in each brain. The formula for the area
of an ellipse was used, according to Morishita et. al., (1974), since cach
nucleus was essentially ovalj; area = ( gd (ab) where "a" represents the
greatest nuclear diameter and "b" the greatest diameter that is

perpendicular to "a'.

(5) Cellular and Nuclear Indices (C.1. and N.I.) of Neurons:
(%) Celiuiar qu;x:.according io:thé method of Leaﬁherland
(1970). 5 - 10 perikarya were measured on alternate sections of each NOR,
NPP and NLT, with an ocular micrometer at a magnification of 950¥. A total
of 30 to 85 of each type of neuron was measured and their dimensions
expressed according to the following formula:

C.J. = maximum cell length + maximum cell widih

2
(b) Nuclear Index: The procedure used in 5(a) discussed =bove was
also used to caleulate Nuclear Index (N.I.):

N.I. = maximum nuclear lenpgth + maximum nuclear width

2

(6) Cellular and Nuclear Indices of Conadotrops and Pars Intermedia

(a) Cellular Iindex: The method of Leatherland {(1970) used fov

calculating tne celluvlar &and nucleze indices of psrivscya deseribed above,

0



was similarly applied to ir-GTH containing cells. One mid-sagittal section
and two lateral seétions, each equidistant from the mid-sagittal section,
were chosen to determine the dimensions of cellular and nuclear indices.
Five - 10 gonadotropic cells and 5-10 PI cells were measured with an ocular
micrometer at a magnification of 950X by plaéing the micrometer along the
longest axis of the area containing the cells of interest. A total of 35~
65 gonadotropic and/or PI cells were measured per pituitary gland.

Statistical Analysis:

Means and standard errors were calculated for each group of variables.
One way analysis of variance (ANOVA) was used to test differences among
more than two groups from which datsa had been obtained. If there were
significant differences among the group means as indicated by the F test, a
Newman-Keuls.tcst‘(Zivin and Bartko, 1976) ﬁés serformad to find out which
éairsnof meaﬁé were signifiéagtly different. In addition, the”Student's T
test was applied. 1In all c;ses, sipgnificant difference between the groups
was selected at less than the 5% level (P 0.05). Thcse methods were used
in lieu of Duncah's muitiple range analysis which had yielded similar

results on evaluaticn of selected data.

-



Results

I. Ontogeny and Cytometry of LHRH Containing Regions in the Brain

and Pituitary' é
Since no sexuzl dimorphism was noted in these studies, the
description which foiloﬁs appl%es to both male and female fish of either
early (2122) or late (2225) méturing genotypes at all stages or ages of
development indicated. The anatomical terms used are according to Peter

et al., (1975), Kim et al. (1979) Nieuwenhuys (1982) and Minz et al.

(1981). Figure 1 is a diagrammatic representation of a platyfish brain
and Figure 2 depicts where immunoreactive (ir-) LHRH is found in the
adult platyfish brain and pituitary gland. The specific staining to be

described for anti-LHRH or anti-GTH was absent in all sections in which

antiszerum had bcen preabsorbed with corresponding antigens.

(A) Adult (Stage 6)

(1) Nucleus Olfactoretinalis (NOR)

The nucleus olfactoretinalis (1OR) comprises the most anterior
group of LHRH containing neurons. It is located in each hemisphere of
the brain in the rostral border of the area ventralis pars telencephali,
close to the olfactory lobe and adjacent to the fissura circularis. The
neurons of the NOR are fusiform in shape, giving them z bipolar
avpearance; they have limited basophilia, large, oval pale-staining
nuclei and prominent nucleoli (fig. 3). .

1,2 N e C s as -

In early maturers (P P7), the relative volume and indices of
cellular and nuclear size of the NOR, reach maximum values at 20 weeks
(stage 6) and remain unchanged throughout the course of this study (34

1,2 . N . - -
weeks for P P7 1ush) (see Plates 3-6 and tables 5 and 0).

I ].-i‘m o Vi y "‘12 ‘;\ : .

n late wmaturers (£°p7), maximum values are attained when stage

&

£ is reached at 58 wegks of age (Plate 3, 7-9 and Lables % and 6}, aud

1h
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. . . . . 2.5 .. .
these do not change with time (compare 59 and 73 week old PI'7 fish in

tables 5 and 6), (see Plates 7-9).

ICC: In both 2122 and g‘gs adults, perikarya contain less

intense LHRH immunoreactivity than is present in earlier stages of
development (see below). In addition, ir-LHRH containing processes which
originate in the NOR, project in 3 directions; rostrally, along the
ventral surface of the olfactory lobe ({'ig. 4), dorsocaudally toward the
anterior commissure and pineal complex (fig. 4), and ventrocaudally into
the optic tract and anteroventral portion of the nucleus preopticus

periventricularis (NPP). Still olher fibers continue from the NOR in

association with projections from perikarya of the NPP toward the nucleus

=4

ateralis tuberis (NLT) and to the neurohypophysis of the pituitary, and

to the mcsencephalon.

(2) Anteroventral Nucleus Preopticus Periventricularis (NPP).

A second population of LHRH containing neurons, localized in the
anteroventral portion of the nucleus preopticus periventricularis (NPP)
(according to Peter et al., 1975, alsc called the nucleus precpticus
basalis lateralis by Munz et al., 1981) form a berder along the ventral
surface of the rostral diencephalon, lateral and ventral to the nucleus
preopticus (NPO). In sexually mature 2122 fish these perikarya are cuite

basophilic, and contain an oval, pale staining nuclei and prominent

nucleoli. At 20 weeks of age as 2122 fish enter stagre 6 volume and

celluvlar and nuclear indices are significantly greater than those for

.
£2P) sibs at the same age but who are still in stage 1 (N.A., 23.Oum2,

. 5 1 ) ) 1.2
P’Zz; 9.2um2, pp? (pLL02); C.I., 5.5um, g,P ; !t 3um, 2325 (P (.03);

—

2

p) 5
- e - Ao .) ¥ -~ - -
N.i., 5. 3um, P P75 3.5um; DPT (P £.0#); sze Plates 3-9 and tables 5 and

0 IR
E Foamy e s . R e .. R . .
7). When PTPT fish re=ei: stuge O, 2t 52 vecks of cpge, the norphomeiric

valuces tor the N.A., Cote and Nolo of the MPPY tro Shen siniine (g . 08)



to those of early -maturers at that stage and age.

icc: Perikarya display an intense immunoreactive response with
anti-LHRH (fig. 5) and ir-processes emanate in distinct fasicles that
travel ventrocaudally just dorsal to the optic chiasm, and at the level
of the horizontal commissure (HC) course ventrally towards the lateral
and medial portion of the hypothalamus and the NLT. .Some fibers enter
the hypophysial stalk (fig. ©) and end near genadotropic cells, whilg
others continue along with fibers of the NOR toward the ventrél
mesencephalon where they become difficult to trace.

(3) Nucleus Lateralis Tuberis Pars Posterioris (NLT)

The third group of LHRH confaining neurons are in the nucleus
lateralis tuberis (NLT) which is located in the lateral and lateroventral
walls of tﬁe hypothalamus. The perikaf&a of 3122 and 2225 f'ish are
uniﬁolar and contain bagoéhilic‘cytoplasm that surroundsﬂeuchromatic
nuclei with prominent nucleoli (fig. ). 1In 3132 animals the volume of
the NLT is similar (P £.05) but its cellular and nuclear indices are
significantly greater (P ¢.04) than 2235 animals at the same stage (see
Plates 3-9 and table 5 and 8).

122 fish (fig. 7) appear

ICC: Ir-LHRH perikarya in the NLT of P
as a cluster slightly dorsal and caudal to the posterior pituitary and
show paler immunorcactivity than perikarya of the NOR and NPP at the same

. ‘ . . 152 A . :
antiserum concentration. In adult P P™ fish the number of ir-perikarya
has decreased, when compared to stage 2 (to be discussed; see table 9).
Processes form a "netted" pattern around these perikarya, with no
oy PR - o , . . 2.5 .. .
apparent direction. No ir-LIHRH perilarya are noted in PP” fish at stage
&, sithouzh jv-Iivare are visible.

(1) Pibuitary:

{a) Genudotrop [0} Zons of vhoe Crudad Prres Distadig (0703




The adult pituitary ﬁas been preQiously described by Schreibman
(1964). In all sexuaily mature’ platyfish, the gonadotrops yhich form the
periphery of the CPD, are irregﬁlar in shape, stain light blue to purple,
and contain pale staiging irreg?lar shaped nuclei and a single eccentric,
dark staining nucleolus (fig. 83.

In 2122 fish, the cell and nuclear indices are similar (P=.05)
and the total number of ir-gonadotrops in the vCPD'aPe significantly
greater (P £.03) than those of late-mafuring sibs (Plates 10-12 and
tables 9,10).

ICC: Both ir-LHRH (fig. 8) and GTH can be seen within all CPD
gonadotrops but at higher magnificati;ns, only ir-LHRH, and not GTH, is
visible between gonadotrops; In both early and late maturers, GTH always
stains more intensely than LHRH in the pituitary.

(v) Pars Intermedia (PI):

In the PI, cells that contain ir-LHRH and ir-GTH are round to
ovai and their basophilic cytoplasm surrounds a round to oval-shaped pale
staining nucleus and a centrally placed dark staining nucleolus. Thess
cells are also periodic acid Schiff positive (PAS+) (Schreibman and
Margolis-Kazan, {979). No significant differences (P ¢.05) are noted in

2
the cellular and nuclear indices of these cells in p'p? and 22’5 {izh at

stage 6 (Plate 13 and table 11).

ICC: The total number of cells containing ir-LH3H and ir-GTH in

the PI are similar (P = .05) in 2122 and 2435 fish (Plate 10 and
table 9).

(B) One Weel (i F)shs

(1) NOR:

Perikovya of thi e . .
ya of this regicn are bipolar in apocarance and have o

i



thin rim of basophilic, an oval, euchfématic nucleus, and a cenlral
prominént nucleolus (fig. 9). Several processes emanate in all
directions from tﬁe cell bodies. No significant differences (P .05)
vere observed between early and late maturing genotypes for any of the
morphometric parameters examined (Plates 3-G and tables 5, 6).

ICC: Ir-LHRH was not observed in perikarya or axons in either
genotype at 1 week of age.

(2) KPP:

The NPP conciasts of perikarya separated by a small amcount of
neuropil~ These neurons are amorphic to oveid in shape and have a thin
rim of fuchéinophilic cytoplasm that sﬁrrounds-a densely stained nucleus.
A single nﬁclgolus can be sececn in only some cells. Thelprocessss from
these perikarya cou}d not be @raced. No significant differences (P>».05)
between early and later maturers were observed for any of the cytcmetric
paramaters in the NPP at this age (sec Plates 3-9 tables 5, 7).

ICC: No ir-material is seen in perikarya or axons of the NPP at
one week of age.

(3) NLTp:

Neurons’of the NLT appeaf irregular in shape in week old fish.
With Masson's stain the perikarya contain a thin rim of red to nink
cytoplasm which enclioses a densely stained nucleus and no nucleoli can be
distinguished. A small amount of neurcpil separates these nourorns from

the rest of the HNLT and axonal projections are not ssen at this stage.

(1

Moﬁphométric values are comparable for C.I. and H.I. in 3122 and 322
3ibs (P >.05) (sec Piates 3-9 and tables 5,8).‘

ICC: No ir-material is ohsarved in paritarys or avons in eilher
penctype at one weell of aoe,

(W) Pitvitary Gload:

1¢



a) CPD: The plituitary of onc week old fisﬁ, regardless of
genotype, is a flattened z2llipsoid-shaped structure closely attached to
the floor of the diencephalon by a thin-walled stalk. A mid-sagittal

p
section shows the hypophysis to be couposed of equal areas of adeno- and
neurohypophysial tissue (see Séﬁreibman, 1964).

The vCPD destined to become the GTH zone, consists of a few
chromophobic cells with amorphic-shaped, denéely stained nuclei.
Nuclecoli are not evident. Cellular and nuclear indices are comparable (P

1h2 2,5

.05) in P P° and PP~ fish (Plate 12 and table 10).

I

[

C of the vCPD: Ir-LHRH and ir-GTH are present in limited
amounts in the cytcplasm of the few scattered cells of the vCPD (fig.
10}.

Sectiéns through the lateral CPD (1CPD) of the GTH zone show a
different eytclogical profile tﬁan those through thé vCPD. Anilin blue
cells form ciusters on each side of the CPD. Their number, cellular and
nuclear indices do not vary significantly (P> .05) between genotypes
(Plate 11 and table 10). |

ICC of the 1CPD: Both ir-LHRH and ir-GTH (fig. 10, 11) are
present invthese cells.

b) PX: The ir-GTH positive cellé in the PI are arranged in
clusters and contain round to oval pale staining nuclei and single
nucleoli. |

" ICC: Thesec cells.show more intense impunoreactivity with both

anti-cGTH (fig.11) and anti-LHRH.

19



(C) Stage 1 to Staze 2:

(1) NOR:
a) Five weeks: :
o | : 1.2 ..
At 5 weeks of age (stage 1) the perikarya of P P~ fish are
bipolar in shape and contain pale staining nuclei and single nucleoli and
basophilia that is more pronounced than is seen at one week (fig. 12).

5 fish are fusiform in shape, lightly basophilic, and

Perikarya of P°P
have a euchromatic nucleus and a2 centrally placed nucleolus. All

morphometric values are signficantly greater (P ¢.05) in g122 fish than

. 5
in gzgs (see tables 5,63 N.A.;‘g1g2, 1&.1umd; gzg’, 1. 1un? (P ¢.03);
C.I.; 2122, 5.3um; ngS, 4h.5um (P<.04); N.I.3 2‘32, . Sum; 3235, 4.0um

(P £.05).

ICC:

)

) 5 weeks ir-LHRH is present in all perikarya of the NOR
of carly maturers (fig. 12) as well as in their processe$ which project
caundally towards the Q;ntral diencephalon. The NOR of late maturers does
not- contain ir-LHRH in perikarya or fibers at this age.

b) 11 - 25 weeks: At 11 weeks,; there are larger increases in
nuclear area and cellular and nuclear indices, in the NOR of both 2122
animals (entering puberty) and their 2225 sibs (still in stage 1) (Table
6). ‘From 11 to 25 weeks the perikarya in the NOR of 2225 animals show an
increase in basophilia, and contain larger; pale nuclel and single
nucleoli. In addition, all cytometric values have increased (Plates 3,
7-9 and tables 5,6).

16C: At 11 weeks in 2225

fish, ir-material is present in HN0OR.
perikarya and pathways of axons are easily traced because of their more
pronounced ir-response, At 18 weeks, however, there is a marked increase

in the anmnount of ir-material which is ereatest al 25 woshs.

N
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_131}‘2 fish contain NPP perikarya that are ovoid, have lightly

basophilic, and euchromatic nuclei with ceantrally placed nucleoli. 225’_5
sibs have perikarya with less basophilic cytoplasnm, more densely stained

nuclei and no prominent nuclecli. At five weeks of age, cytometric

measurements for 3732 (st;a.g;’e 1) fish have increased significantly

compared to their stage 1 (also 5 week old) 2_2}’_5 sibs (N.A., 8.8um2,
c . " 2 5 ra -

P'p2: 7.2un?, PP (P <.0M); C.T. 4.1um, B'P%; 3.6um, PP° (P <.05);

N.I., 3.6un, P1P2; 3. 2um;, _1_3_2_2:5 (PL.05); see Plates 3-9 and tables 5,7).

192 a:d ' 8 : s g :
. In P P~ fish, there is a consistent, marked increase in

~cytometric values from birth up to 11 weeks of age (stage 2). In -13225
sibs there.is a more gr‘adual incr'easje from birth up to 26 weeks of age
which coincides with their reaching stage‘ 2 (see Plates 3-9 and tables
557«

ICC: No i‘rl-per*ikarya' are present :m either g;'enotype in‘ stage 1.
Ir-fibers are present in the NPP of _131_22 fish at 5 weelks, but they do not
apppear in 2235 animals until 11 weeks of age.

(3) nLT
1

At 5 weeks of age, NLT perikarya of Masson stained P 22 fish

contain a thin rim of pink cytoplasm, nuclei that appear less dense, and

| =
2PJ

visible nucleoli. P fish contain NLT cell bodies wnich differ from

P 22 sibs in that the cytoplasm is more fuchsinophilic, the nuclei are

more dense and nucleoli are nocv visible. All cytometric parameters in

]?_(‘l and P2P5

31bs increase between 1 and 5 weeks of age. However, at

stage 1, cytometric values for early maturers are significantly larger

() - [
. . . < ‘
than those for late maturing sibs (N.A., 6.3um”, P'Pz; S.Zum?‘, PQP)

~

) 1,,:2 - ?5 " . .. - 1 o
Jolum, P'PTy 2.9um, PTPT (PL.G5): N.T., 3, 0Oun, _zj'f_‘;

Lo

.
oy wy oy d ) W . YRR - o ot N -
Pooum, PPT (P £ .05)s see Plutes 3-9 and tables 85,0),

Y arsl A - ] - re . . N . N
FCC: Ne dlrv-perliceys are prozent fn eathoer senotype.  Hovevor
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s . - ' L s . . 1,2
ir-material is seen in a limited mumber of fibers in the NLT of only P P

fish, but not 3225 fish.

(4) Pituitary: CPD and PI .

a) 5 weeks: ,

‘ 1
The developmental picture of the hypophysis of P 22 and £2P5

fish in stage 1 is similar to that seen at one wveek of age except that
the pituitary gland is larger, and the neurohypophysial tissue has begun

to extend into the adenchypophysis.

'When viewed in cross section, the. pituitary gland of both 3132

and 3225 fish, contains a cluster of anilin blue positive cells in each

of the two extreme lateral regions of the gland. Along the ventral

' border, a single layer of chromophobic cells extends between these

clusters. In 2125 fish, the cellular and nuclear indi?es of the 1CFD énd
vCPD are all significantly greater (P .05) than those of tﬁeir 32"5 sibs
(see Plates 11,12 and table 10).

At stage 1, the PAS+ cells of the PI appear similar. The C.I.,
N.I. and number of ir-GTH and ir-LHRH containing cells have increaseé
similarly (f = .05) in both early and late maturers (Plate 13 and table
1), '

ICC of the CPD: In 2122 fish, the number of ir-cells in both
the 1CPD aund vCPD are greater than in 3225 sibs (Table 9). In addition,
in both genotypes the cells of the 1CPD are more iﬂtensely immunoreactive
4£Aan those in the vCPD.

ICC of the PIr: The number of ir-GTH and LHRH containing cells

have increased similoniyly in both genotypes (see Plate 10).

b) 1125 weeks

- et D SR ey N . - .
in o Filbve figh. oig rypophysis has undergons dranstic
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developmental changes bctween:the tine of stage f (5 weeks of age), and
the onset of stage 2 (10-11 weeks of age). The 1CPD and vCPD now consist
of a thin layer pf basophils wﬁich have greatly increased ih number (5-6
fold) (Plate 10 and table 9),:contain oval to irregularly shaped nuclei
and single nucleoli; There ié an increase in the cellular index of the
1CPD and vCPD. The nuclear index of the 1CPD gonadotrops are similar at
5, 10 and 11 weeks, but the vCPD nuclear index has increased
significantly (P£ .05) (see Plates 11, 12 and table 10).

In P?gs fish from stage 1 (5 weeks of age) to the onset of stage

i

2 (25-26 weeks), the hypophysis contains significantly (P¢.02) fewer

cells in the 1CPD and vCPD when compared to P1P2. Some cells in the 1CPD

are basophilic and thoze in the vCPD are chromophobic. The nueleil of the
cells in both regions appear less dense and some nusleoli can be
: *

discerned. There are increases in the cellular and nuclear indices of

Y

: 2.5
the 1CPD and vCPD of P P’ fish from 5 to 26 weeks (Plates 11, 12 and

table 10).

The number of cells in the PI and their cellular and auclear
indices are similar in both genétypes (Plate 13 and table 11).

ICC: In 3122 fish, an increase (P¢.03) in the number ir-GTH
containing cclls in the 1CPD and vCPD is noted between 5 and 11 weeks
(table 9) and ir-GTH staining is significantly more intense than that of
ir-LHEH,

In 3225 fish, as in early maturevs, ir-GTH stains more intensely
than ir-LHRH in the 1CFD and vCPD cells.

\
‘'he ir-cells of 0 . P'p? 25 . .
The ir-cells of the PI of both P'P” and PP’ rish have increased

. 3 P ST A o {n oy r o) - g -
similavly ion nuabair fron stoge 1 to stage 2 (Plate 10 and teble 0).

iy



(D) Starge 2 to Stage 6:

(1) NOR:

- ' '
“ fish are basophilic, contain pale

At stage 2, perikarya of 212
nuclei and a more prominent nucleoli. Nuclear area and celluiar and
nuclear indices in stage 2 eafly maturers (N.A., 17.8um2; C.I., 6.3um;
N.I., 5.2um) have increased since stage 1. The NOR volume is also
significantly greater (P£.05) than in stage 1 (sée figs. 3-9 and tables
5, 6).

The cytometric dimensions for the NOR of stage 2 PP

(N.A., 22.1um2; C.Il., 6.8um; N.I., 5.5um) are significantly greater

(P £.04) than those of 212? sibs at the same stage. The volume is also

‘—3

significantly greater (see figs. 3-9 and tables 5, 6).

ICC: At stage the gmount‘of ir--LHRH contained in perikarya (fig.
13) and fibers has inoreased in both genotypes and pathways of processzses
from the NOR can nuow be easily followed.

(2) NPP |

In 2122 fish, the NPP now contains bipolar, more bascphilic

perikarya with pale staining nuclel and centrally placed. All
measurements have increased (P £ .05) above those observed at stage 1

(figs. 3-6 and table 5, 7). Significant differencas (F £ .05) in all

2
cytometric parameters are found between 2122 and 2“25 fish in stage 2

(figs. 2-9 and tables 5, 7).

ICC: Both genotypes contain ir-LHRH positive perikaryva, whose

processes begin ts [orm a fasicle (figz. 14) that extend to more caudal

regions of the diencephalon. A greater number (P £.03) of IPP ir-

. \ i1 s ~205
Karya and Cibers arce noted in PIiP7 Tizh as cowpsred Lo P77 aninals

from stage 2 Lo £ (Plate 10 and table 2).
(3) new

U



1,2 .. . . . : : o
P 'P7 fiszh contain NLT perikarya with euchromatic nuclei, single

nuclei and lightly stained basophilia situated mainly towards one pole.

2,5

The NLT of P"P” fish contains perikarya with lightly basophilic cytoplasm

which surrounds a denser nucleus with a pale nucleolus. Signficant

differences (P£.0l) are seen in 21l cytometric values when 2122 and 2229

fish of the same stage are compared (see figs. 3-9 and table 5, 8).

ICC: Perikarya and processes in the NLT of'g1£2 fish contain ir.

material (fig. 15) and fibers form a network in proximity to the cell

5

bodies. 1In gdg fish ir-LHRH accumulates only in fibers but not

~perikarya of the NLT.
(4) Pituitary

a/'CPD

. - 1.2 4. . ; s . .. .

In stage 2; P P7 fish, the gonadotropic zone consists of 2-3
lays of granvlar cells, with pale nuclei, single prominent red nucleoli
and ecytoplasm which is intensely stained with anilin bluc {Masszen's
2.5

trichrome). The gonadotreps of stage 2, P~ fish contain a2 narrow rim

i
of cytoplasm which stains pale with ainilin blue, a densely stained
nucleus and a pale nucleoclus. Results for all cytonetric parameters

. 2,5 .. . . ..
measured in P P” fish are signficantly (P£.0%) lower than those obzerved
in early maturers (Plates 11, 12 and table 10).

aVal Y 2 . - 1 2 . [

ICC: The number of ir-LHRH and ir-GTH gonadotrcps in P EL fish
have already increased significantly (P {.02) at the onset of stage 2
"(see Plate 10 and table 9). This number of ir-cells is significantly

5y . L . 2.5 .

greater (P £.02) than is seen in P"P” animals at a comparable stage.
This significani difference between early and late maturers continues
irto adulthocd {sce Table 9).

b)Y I

Ty P Nl T s, . . .
The PI cellis of Loin penolypes at searpe & are spindle-shaped,



contain basophilic cytoplasm, pale blue nuclei and prominent red

nucleoli. There are no apparent differences (P ».05) between 3122 and

"
2229 fish in all cytometric values, from stage 2 to stage 6 (adulthood)

i

(Plate 13 and table 11).

ICC: There is littleﬁdifference (P = .05) between genotypes in

the number of ir-GTH and ir-LHRH PI cells (Table 9).

ITI. The Effect of Hypopnysectony (H)'on_gge Brain of Sexuélly Mature

Platyfish

L. H for one week:

(1) NOR

In the ilCR of fish hypophysectomized for one week, Nissl stained
sections depicﬁ perikarya which contain light bésoph;lia_surrounding
euchromatic duclei.and prominent nucleoli; Values fér all morphometric
parameters measured in the NOR of H and sham—operated animals are similar
(P> .05; Flate 14 and table 12).

ICC: There is little chanée in cqntent perikarya and processes
in fish 0 for onc week.

(2) NPP

Perikarya in the NPP contain a deeper basophilia that surrounds
a pale nucleus and a single nucleolus. Cellular indices are
significantly decreased (P<.05) H fish as pompared'to sham-cperated ones
(sce Plate 14 and table 12).

A total depletion of ir-LHRH is seen in perikarya but not in
processes of ohig brain region when fish are hypophysectomized for 1
wae,

(3) NLT

Neurcons appear hypertrophied and corbain nenitarya with deoarn

iy
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blue basophilia,.very pale nuclei and nore prominent centrally placed
nucleoli. The ecc¢llular and nuclear .indices of H fish are significantly
greater (P & .05) than observed for sham-operated fish (see Plate 14 and
table 12).

ICC: Ir-material has disapﬁeared‘in perikarya of the NLT and
only a few ir-fibers afe now seen.

B. H for three weeks:

(1) NOR

Fusiform-shaped intensely basophilic perikarya surround
euchromatic nuclei and prominent nucleoli. Significant increases (P¢
.05) in cellular measurements are seen when 3 week H fish are compared to
1 week H and sham-operated groups (see Plate 14 and table 12 ).

ICC: The amount of ir-LHRH has éiightly increased in pehiknrya
"and fibers of the NOR. ‘

(2) nep

Cells are oval with‘blue to deep purple perikarya which surround
euchromatic nuclei and prominent nucleoli. The celliular and nuclear
indices for the NPP are significantly increased (P {.05) when 3 week H
fish are compared to fish H for 1 week tPlate 4 and table 12).

ICC: Although ir-material is visible in a few processes of 3
week H fish, no ir-perikarya are seen in the NPP.

(3) NLT

Irregular shapszd perikarya contain deep bLiue basophilia that
surrounds a very pale nucleus with a nuecleolus which appears enlarged.
The cellular and nuclear indices have increased (PJ.05) compared to fish
H for 1 week (Plate 145 and table 12).

ICC: Tmmunoreactive mateorial e now cbscnt [rom process

waell as perikarya.



C. H for {ive vceks
(1) Noﬁ
Fusiform—sﬁapeq perilkarya are larger and more basophilic, pale
staining nuclei are enlarged, and nucleocli are more intensely stained
when compared to the other expefimental groups (fig .B and table 12).
ICC: Between 3 and b weeks there is a drqmatic increase in the
intensity of ir-LHRH that accumulates in perikarya and processes of the
NOR.
(2) nEp
Oval perikarya are basophilic, nuclei are pale and nucleoli
appear enlérged. No significant differences (P» .05) are evident in the
cellular and quclear indices when animals H for 5 weeks are compared to
animals Y for 3 weeks (Plate 14 and table 12). _
ICC: Altﬁough a few fibers contain ir;material,'no ir;LHRH is
localized in perikarya of the NPP.
(3) NLT
Irregular shaped perikarya contain deep basophilia, prominent
nueclei snd nucleoli. No significant differences (P%».05) in the
eylouaetbric paraméters are noted wﬁen animals H for 5 weeks are compared
to animals H for 3 weeks (Piate 14 and table 12).
ICC: As in fish H for 3 weeks, no ir-material is evident in

perikarya or fibers of the NLT.

101, Effect of and gonadotropin administration on the distribution and

vantity of" LHRH in the Yraina of sexually mature plabtvfish H§ for 5
ant oy O l.ilin 1n Lne Doe ! K v P

e

(1) Group 1: Shom-oparated-saline injocted:

The neurons of GChe JGL, HED =25a LY eonte Tiehtly LYoot
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rings of cytoplasm that surround euchromatic nuclei and single centrally
placed nucleolil. i There are no significant differences (P» .05) between
sham-~operated animals at 1, 3 and 5 weeks and sham~operated animals that
received saline when all cytometric measurements are compared (Plate 14
and table 12).

ICC: Tr-LHRH is localized in perikarya and processes of the NOR
(fig. 16), NPP and NLT. As in intact animals, reaotion intensity is
greatest in the perikarya of the NPP, less in the-NOR and least in~the
NLT. Within the hypophysis ir-LHRH is localized within GTH cells of the
CPD, and within processes between these cells, and in the PAS+ cells of
the PI

RIA: An average value of 649 + 28 picograms of LHRH per brain
was dctermingd for the eight brains assayed. A tetal value of 507.5
‘picograms of LHRH was assayed in the eight pooled whole pituitary glands
(Table 12). ' |

(2) Group II: Hypophysectomized-saline-injected:

Perikarya in the HWOR, NPP and NLTp are more intensely stained
vith anilin and methyline blue, nuclei appear paler and nucleoll are nore
prominent conpared to sham-operated fiéh. All cytometric paramcters are
significantly greater (P .05) when compared to control group valuas (sce
Plate 1! and table 12).

ICC: Brains of animals hypophysectomized for five weeks contein
a nmarked reduection of ir-LHRH content in the NPP and NLTp. There is a
total depletion of ir-material in the perikarya of thesc regions,
howéver, a few fibers cmanating from the NPP and NLTp 2o show
immuenoreactivity. In the NOR, Lhere is a marked increase in

immunoreactive soainineg in bhoth pepitee vo and Tibova (Ciel 17).

1

RIA: © An average value of B4 & 21 ricosriny of LURE

B A SRR L
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was calculated for the twelve brains assayed (Plate 15 and table 12).
This is significénély less (F€.03) than in sham-operated fish (649+23).
(3) Group IIT: Hypophysectomized GTHminjectéd:

Animals treated with salmon GTH (SG-G100) contain perikarya in
the NOR that are less basophilic than are noted in the NOR of H-saline-
injected animals. Nuélei have decreased in size and nucleoli resemble
those seen in sham-operated controls (Plate 14 and table 12). In the
NFP, neurons contain lighter basophilia than seen‘in H-saline inje&ted.
fish and oval pale nuclei and prominent nucleoli. In the NLT, perikarya
stiil contain a deep blue basophilic ring of cytoplasm, pale nuclei, and
prominent nucleoli. A decrease in all morphomztric parameters (P .05)
is noted when compared to valﬁes depicted in H~saline-injected.

ICCs: A slight increase in the number of ir-LilRH containing
neuronal fibers is noted in the NPP and NLTp of fish receiving salmon
GTil. In ths NOﬁ, however; altheugh there is a narked decreasc of ir-
material in perikarya and fibers, compared to H-saline-injected fish,
there is =still considerably more than is noted in sham-operaled groups
(compare figs. 17 and 18).

RIA: An average of 302 + 36 bicograms of LHRH per brain was
found in thé eleven brains assayed. This value is significantly
different from animals in Group I (p { 0.05) and Group II (p ¢ 0.05)

(Plate 15 and tablc 12).



GONADS:

(1) Sham-Operatcd Fish:

A1l ovaries of sham-operated fish contained many large
p

yolky oocytes. Fcw oogonia or primary ococytes were present.

(2) Hypophysectomized - Saline Injected Fish:
Ovaries in T75% of the fish hypophyseclomized for 1,3, or 5
weeks showed a small degree of oocyte atresia in addition to a

ponderence of large yolky oocytes.

- (3) Hyopphysectomized - SG-G100 Injected Fish:
Approximately 75% of the GTH-injected animals lacked yolky

obcytes. Few oogonia and many primary oocytes in the oil droplet stage

. were evident.



Discussion -
I. Methods: \ I’
Bouin's fluid containing aéetic acid was chosen for all histologicai
!
and immunccytocﬁemical studies since it has been clearly established to
, i
provide good preservation of%certain antigens with immunocytochenmical
methods (Sternberger, 1979). As with all chemical fixatives, this
solution causes some shrinkage in tissues. However, since Bouin's was
the only fixative used throughout this study, the shrinkage error that
might.have been introduced would have remained uniform throughout the
varicus experiments and, therefore, would not be expected to affect the
relative results (Bereiter and Jeanrenaud, 1974).

The ability to assess the functional state of secretory cells at tﬁe
light microscope 1éve1 has been discussed in detail by Schreibman and
Holtzman (197%).  Changes in the distribution, number, size and extent of
development of the 5¥ganclles reflcel the activily of a celi. At the
light microscope level, a decrease in the secretory product can be seen
by a reduction in the intensity of stéin in the cell and indicates that
secretion is taking place. An increase in the cell size, nuclear volune
and in the prominence and staining affinity of the nucleolus reflects
transeriptional activity. An increase in the basophilia of the cell,
which is easily evaluated by Niss1 stain, indicates an inerease in
ribosomal material. If, however, there is a diminution in the demand for
protein product, then there is a concomitant decreasc in the structural
coqponents involved in the transcription, transiation, and transport
phases that are part of the formation of the secretory substances and
thus a reduction in Migsl staining. Obvicualy, one cannot rely solely on

4

Lhese morphologicud zod Lincltoerizal pzrametlers for a totzl ovaluztion of &
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cell's performance in response to changes in its inse o mnal aad extornsl
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anironment. As with all_technique35 there'are shortecomings and
histological methods are no ekoeption. To angment the histological and
cytological approach, tﬁerefore, this study has utilized
immunocytochemiéal methods tofevaluate the presence of specific protein
products (LHRH and GTH)'in fis% in various physiological states of their
reproductive systems.

To determine the volume of each LHRH-containing region of the brain,
the number of sections drawn with the cgmera lucida was increased over
that fécommended by Schwanzel-Fukuda et al. (1981), in order to reduce
sampling error (Zilles gi* al., 1982).

The use of nuclear area, nuclear and cellular indices and number are
well accepted precedures for analyzing changes in cellular activity

(Leathcrland and Ensor, 19733 Morshito et al., 1974; Holtzman, 1975;

Fahraeus-van Ree et'al., 1983). Random samples of the cellular
population were choégn in order to avoid subjectivity of choice and
adjacent sections were carefully analyzed in order to preclude duplicate
measurements or counts of the same cells. For cellular density
measurements the mid-sagittal Sections and sections equidistant from the
lateral boundary and the mid-sagittal plane of the pituitary, were
carefully determined to avoid bias in selection.

The LHRH antibodies utilized for ICC and RIA analyses in this study
vwere prepared against the C-terminus of synthetic LHRH (Goos ct al.,
1976; Barry, 1679). 1t is interesting to note that antisera to purified
mammalian LHRH, also prepared agaiﬁst t.he C—terhinus (Arimura-T43),
crossreacts in the same platyfish brain and pituitary regions as the

anti-synthetic LURH (Goes, et al., 1975) used in the ICC wmortion of this

a

v
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using heterologcus antisera it is important to correlate
imnunocytochemical results with physiological data, as was done in this
study. :

‘

Several teleost gonaﬁotropins and their alpha and beta subunits have
been prepared in a highly:burified statey; thereby allowing the
preparation of antibodies (Burzawa-Gerard et al., 19706). Carp
gonadotropin (C~GTH) and salmon gonadotropin (SG—G100) are glyccprotein
in nature and have similar molecular weights to the mammalian
gonadotropins (Fontaine and Burzawa-Gerard, 1978; Idler and Ng, 12383).
Altnough identical alpha subunits are present in TSH and the
gonadotropins, it is the beta subunit that gives the glyprotein hormones

their biological speeificity and function. The antigens SG-G100, GTi! and

/]

GTHB, =z=s well as antibodies to them, are bioclogically active in teleost

(van Oordt and Peute, 1983; Idler and Ng, 1983), thus justifying the use

The perikarya, fibers or pituitary cells which exhibited cross-
reactivity with anti-LHRH or anti-GTHB were not "stained" when many of
the "control" solutions were cenployed. These results demonstratc the
specificity of both the method and the antibodies employec in this study.

+

Method specificity deals with tissue components staining with reagents

W

other than the antibodies. The omissicn and/or substitution of each

reagent (discussed in Materials and Methods) and a series of dilutions of

primary antiserum snould determine the degree of method speciificity

(Childs, 19833 Petrusz, 1983; Pool et al., 1983). The determination of

antibody specificity is based on the principal that zntibodies can
recognizne short amino acid seguencaes ot luaryer antizen moiecules.
Absorbing the anticera with thele raopactive anlisons vestd bhn abiliiy

S 57
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antigen, and immunostainirng will be pﬁévented if this has ocecurred,

However, the antibody may combine with impurities in the antigen so that

the validity of the absorpticn test also depends upon the purity of the
b

antigen (Pool et al., 1983).? Only highly purified antigens (synthetic
LHRH, Feninsula Laboratories: and ¢GTH and ¢GTHB, Burzawa-Gerard, 1982)
were used for absorption in this study.

RIA determinations and ICC localizations, per se, have no bearing on
the presence or absence of.biologié activity associatcd'with the antigen
(Petrusz, 1983; Childs, 1983). All refersnces to immunoreactive (ir-)
“LHRH and ir-GTH are really indicating "LHRH-like" and "GTH-~-like"
material. It is, therefore, necessary to conduct physiological studies
in addition to immunoldgioal methods tc indeed show that the
immunoreactive molecules being localilzed are biologicvally active (Hutson
et al., 1979;.Swaa5; 19823 Petrusz, 1983), and this study,.which.examined

animals in different physiological states (developmental stages and

hypophysectomy), fulfills this condition.

ITI. Ontogeny and Functional Significance of Centers in the Brain and

Pituitary that Contain Tmmunoreactive (ir)-LURH

The ontogeny of LHRH containing centers in the brain wasz
investigated in platyfish "genctically programmed" to reach puberty at
two ¢ .fferent ages (table 2). The results indicate that there is a

‘séqﬁehtial development of the three ir-LHRH containing avess in the brain
that is directly related to stage of sexual development and not

chronolorical age. The NOR iz the first recion to contain ir-LizH which

- ~ e s e P A . yrgr o Vo vy N T By em by - 4. N .
then avprears in the Lol fellowen by toe HLT.  Anstomically, thoe sequance
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fibers emanate in all directions from the NOR and processes can be
clearly delinated betwsen this énd the other nuclei. This phcnomenon has
been termed the "cascade effecté because of the apparent coniinuum in the
pattern of developmenﬁ of the NéR, HNPP, NLT and pituitary.

The HOR of early ahd laté maturcers increases in volume, nuclear
area, and cellular and nuclear‘indices from ocne (neonatal) to five weeks
(stage 1 gonopodial development). Ir-LHRH first appears in NOR perikarya
at 5 weeks of age in early maturers, and 6 weeks later (11 weeks old and
still in stage 1), in late maturers. Ir..cell bodies are at their maximum
number when they first appear, and this number, which is similar in both
genotypes remains constant into adulthood (see Plate 10). There are,
howéver, significanp increases in the dimensions of the NOR and of its
individual perikarya in bolh genotypes ffgm stage 1 to slage 2, a period
that is Eharéétérized éy tﬁe appearaﬁcé oflir-fibers betwéen the ﬁéﬂ and
the NLT and NPP. These observations sugzest increascd cellular activity,
a concebt which is supported by cytological observations of increased
basophilia and the appearance of pale nuclei and prominent nucleoli.

In the NPP, the overall volume and the dimensions of perikarya show
substﬁntial-incréases, in both early and late maturers, subseguant to
those shown by thie NOR. The HPP increases seen at stage 2, which ooccur
in Louth gencitypes, correspond with the initial appsarance of ir-NPP
perikaryva. DBy stage 6 the NPP of both genotypes attains its maxinum
numver of ir-perikarya, with early maturers containing approximately
fifty percent more‘than late maturing sibs.
he dimonsicns o the NLT and its perikarya follow a similar pattern

01 change in both genetvypes, and in this brain rosion measurements
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perkarya begin to appear shortly thereafter in early maturers, ccll
bodies with ir-LIIRH are never seen in the NLT of late maturing sibs.
Other essential differences also exist between the genotypes
;
studied. In the late ﬁaturers, specific steps of the 'cascade effect"”
take place at similar Qevelopﬁ;ntal stages, but at different ages (older
animals) and rcquire more time to reach the full immunoreactive
appearance characteristic of mature fish. This‘delay in time creates
significant differénces in the oytometric, cytologic; and immunologic

characteristics of the three brain regions in fish of the same age but
i ()

~different genotype. For instance, at 5 weelis of age the perikarya in the

%

NOR of early maburers conltain ir-material and cytological analysi
suggests that these cell bhodies manifest secfetory activity, i.e., palec
nuclei, promiuént nuelcoli and cytoplasmic basophilia. Late_maturers at
the sonme chroﬁologicél age lack ir-LHRH in perikarya and processes, their
eytometric measurements are siznificantly smaller (P.05), the perikarya
are less basophilic, and nuclei appear dense. It is not until six weeks
later (11 weeks, stage 1) that this genotype contains ir-LHRH perikarya
and axons in the NOR; their cytometric mesasurements are now comparable to
early maturers who, although they are the same chronological age, are nov
in stage 2. Also, the increase in size of the NOR from stage 1 to stage
2 is gradual in ecarly maturers and "dramatic" in late maturers, so that
at stage 2 all morphometric values for the NOR of late metirers are
‘sigdfjcdntly larger then those for early sibs.

The-perikarya of the NFP and NLT appear to become more bascphilic
from stage t Lo stage 2, and shew dramatic incrcases in 2ll critomeiric

measurcements. AL sbzer 2, thaee doracteoristic inareases aro associntod
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greaier number of ir-LHRH perikarya are seen in the NPP of carly maturcrs
when compared to late maturer; (Plate 10). In the NLT, early maturcrs
also contain the maximum numb?r of ir-perikarya and fibers at stage 2
(Plate 10), whilellate;maturers.Eontain ir-LHRH only in fibers but not in
perikarya at this or‘any othe} stage. At stage 2 the NLT perikarya of
2225 fish appear less bascphiiic and the nuclei are not as pale when
compared to early 2122 sibs.

The dimensions of the NPP in both genotypes increases dramatically
from sﬁage 2 to stage 6. The number of ir-LHRH NPP perikarya also
increases by f{ifty perdent in both genotypes but early maturers contain
significantly more (P <.03) ir-cells than their late maturing sibs (Plate
10): By comparison the number of ir-LHRH perikarya in the NLT of early
maturers has decreased by 50% from stage 2 to stage 6. However, althoughn
~late maturers continue’ to lack NLT‘ir—périkarya, ir-fibers persist at

o
4 -
stage 6.

~The development of these three "LHRH-like" containing centers in the
brain is direectly related to events occurring in the pituitary gland and
gonads. In all one week-o0ld fish, regardless of genotype, ir-LHRH and
ir-GTH are fqund in cells of the 1CPD, scattered cells on the ventral

border of the CPD and in PASY cells of the pars intermedia. At this age

ir-LHRH is not seen in the brain, however, this does not necessarily mean

that the brain is. not producing any. _The pfesence of ir-LHRH in Lhe
pituitary of one week-5ld fish suggests that ir-LHRU production is
occurring in the brain, however, the quantity may bé insufficient to be
.detected by ICC methodology (Bigbee et al., 1977; Sternberger, 1579).
One mayv also conbtemplate Lhe possinility that the pituitarery v LR
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The possible rote in reproducitive function played by the

2,

immunoreactive cells ef the pars intermedia in platyfish is sugpested by

B,

their histochemical characteristics and by their life history. These
cells, which are PAS+, are aléo characterized by the presence of ir--GrH,
-LHRH and their ability to bind sex steroids (Schreibman et al., 19382).
In platyfish of both genotypes, irmPI‘cells are present in neonates in a
number that shows only a gradual increase into adulthood. Also, unlike

the ir-CPD cells of early and late maturers; the total number of ir-PI

cells is similar at each.stage of development in both genotypes. These
obzervations suggest that these cells play é role in the early maturation
of the BPG axis., perhaps in collaboration with the cells of the lateral
CPD, and that this role is probably similaf in both genctypes. The role
they play may be specifically related to the carly development of the
gonads, which, in nconatal téleosts, are characterized by the pgesence of
enzymnes necessary for synthesizing stcecroids and carly stapes of
gametogenesis (Schreibman et al., 1982b; van den Hurk, 1974, 1983).

These observations lend suppor£ to the concept that two types of
gonadotrops are present in the platyfish éituitary gland (Schreibman and
Margolis-Kazan, 1979), one type -(PI) concerned with early and another
(vCPD) with late maturational events.

The quecstion of the number of gonadotrop types present in the

teleost pituitary gland has been debated for many years. The ideoa thav

2 .

there are indecd two types of gponadotrops is gaining support due to

cr

recent observations in other telcosts (Ekengren et al., 19783 Olivercau
and Oliveresu, 1978: Borg, 19783 van Oordt and Peute, 1983; Idler and Ng.
19835 Tam ot ol., 1983). Idler and his associntes (1983) have already
suceeaded in toolating two Ziffeorsenl zomudoureonin Tractions [ronw

flovadors - ong assceinted wilh gonsd wailcoabtior, the olbher winth



vitellogeaesis. Also, thé pfesencg,of cells in £hc I that are
associated with reproductive hormones is not unique to platyfish or even
other teleosts (e.g. ir-GTiH in salmon, Ekengren et al., 1978). Ir-LIURH
has also been 1ocalized in the él cells of rats (Li et al., 1984).

In early maturering platy%ish, jir-LHRH neurons appear in the NOR at
5 weeks and the number of ir-GTH vCPD cells has increased and continues
to increase three to five rfold over a 14 week period betwsen five and
eighteen weeks of age (sexual maturity). Late maturing sibs follow a
pattern of development that begins laters ir-LHRH neurons appear in the
NOR at nine tc eleven weeks. Their appeérance is associated with a
proliferation of gonadotrops which occurs over a forty-nine week period
(between ten to [ilfty-nine weeks of age), énd ends with the presence of
fewer ir-cells in the brain and pituitary than in carly nmaturers. Plate
10 illustrates the -correclation between the number of ir-LHRH cdntaining
neurons in the brain and the number of ir~GTH CI'D aud PI cells in the
pituitary of both early and late maturing plat&fish from one week o0ld to
adulthood. ‘ .

The fact that the number of ir-LHRH cbntaining berikarya in the MNOR
of both genotypes reaches a maximum value early in development (stage 1)
at a time when none is seen in other ,3gions'of the brain and wvhen ir-GTH

-
NN

H
4

and ~-LHRH are scen in certain pituitary cells suggests that the
participates in the early differentiation and function‘of gonadotirops in
the .1CPD and PIL. By oombarison the initial appearance of ir-LHURY
perikarya in the HPP (both genotypes) and NLT (fibers only in late
matufers) cceurs ubt times (stage 2) related to the dramatic proliferation
of gonadbtvops in the CPD. It_should be roted that late maturing
animnals, which noever show drve-perilorya in the MiT, have consideradly

fewer €D ponadolraps Lhon eariy snlurers.  IU vouie aponir, Bhopelore.



thatAthe presence of ir-LHRH in perikarya c¢f both the NLT and NPP is
necessary for the maximun number of CPD gonadotrops to develop.

The lack of nr ~LHRH in NLT perikarya of late maturers may be duz to
the fact that they arc incapable of producing sufficient quantities of
this neuropsptide to be detecteh by ICC methodology. Other possibilities
should be considered. The presence of ir-fibers in the NLT of late
maturers and the accumulatioﬁ of ir-LHRH in ﬁLT perikarya of 11~
ketotestosterone injected RZES fisﬁ (Schreibman et g;.,'1983 and pg. 44)
vould preclude the suggestion that these neurons are incapable of LHRH
- production. It is also possible that the rates of HNLT LHRH synthesis an
felease in late maturers are simllar .and, therefore, tha¢ LHRH does not

accumulate in these neurcns. Although cytological similarities between

NLT perikarya of early and laie maturers in stage 2 suggest that the

dyunamics of tétal brotein synthesis and release aré compardble in'the two
genotypes, the fact that only early maturers accunulate ir-LHRH in
perikarya of the NLT indicates that some differences must exist between
the genotypes with regard to NLT synthesis and/or release of LHRH in

particular.

The portion of this study concerned with piltuitary remcval and
hormone replacement further illustrates the dynamicsvof the interaction
between LHRH and pituitaﬁy GTH. The results of ICC and RIA aralys
‘demonstrate that bhypophysectonmy produces distinct changes in the
diatribution and quantity of LHRH in the brain. RIA results indicate
that thecre is a decrease in LHRY content in the brains of
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Similarly, the administration of GTH also has a differential effect in
different regions of the brain, that is, NOR perikarya and fibers show a
marked decrease in the H induced increase in ir-LHRH, while NLT and NPP
i

immunoreactivity is increased jn fibers but not perikarya. On the whole,
these results indicate a cor;elation between ICC and RIA determinations
on the overall conteht of LHRH in the brain. However, they also
illustrate that although RIA is a useful quantitative tool, it deoes not
enable the detection of the ICC—demonstrable relatiQe concentration
changes in the distfibution of the substance being measured. It is,
. therelfore, much more enlightening if bolh techniquea are employed in
studies where organs are assayed.

ICC demonstrations of material which crossreacts with anti-mamnalian
LHRA in perik#rya, fibers and pituitary cells iu regions.knpwn t§ be

associated with reproduction in the platyfish (Margolis-Kazan et al.,

decapeptide are homologous in fish and mwammals (Barnett et 21., 1982;
King and Millar, 1980), justify the use of mammalian LHRH antiserum in
the RIAs in this study.

The different responses of the NOR, NPP and NLT to hypophysectonmy
and the fact that the times of appearance of ir-LHRH in the three coenteras
between birth énd puberty are diffcerent suggest that these brain areas
differ in their roles in regulating BPG axis function. The region of the
‘bLrain which first exhibits perikarya and {ibers containing ir-LiKH is the
NOR, and this cccurs al = develcpmental stage that is characterized by

low GTIl levels due to the absence of the pgonadolropic zone characteristic
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concept is further supported by the partial decrease of the H induced

n NOR jr-LHRH in ¥ GTH treated fish. In mammals too, brain

i

increase

9]

nuclei containing.the same type of hormone have been found to respond
differently to hypophyéectcm; (Emanuele et al., 1981a,b; Hotstetter et
al., 1981; Nallar and McCann, f965; Souchck et al.; 198135 Wenger et. al.,
1978), thus extending the concept that regions of the brain that are
associated with the regu.ation of a particular endocrine phenomenon may
be affected differently by identical physiological signals. I% has been
suggested that, in rats, cﬁanges in the distribution of ir-LHRHI material
in the brain mayv be due to structural modificaticns which follow the
surgical removal of the pituitary gland (Baker and Dermody, 1976)., It
has not been determined if any changes in the neuronal pathways cof the

NOR occeur in Hypophysvctomzzed platviish. However, the resqlts from the
ontogeny, and'hypopﬁysectomy and hormone reblacemént étudiés in Elatyfish
lead to the speculation that zhifts in LHRH content are physiologically
based and not due to a remodeling of the brain cytoarchitecture. Also,
these changes arc presumably not reiated to the death of neurons, as has
been reported in the supraoptic nucleus following hypophysectomy in rats
(Raisman, 1973) since cell counts of random samples in this study
indicated no diffetences between H and shém—operated fish in the number
of neurons present in the NLT, NOR and NPP.

In removal of the pituitary gland has profound deleterious eflfects
“on ‘the Tunctlioning of a3i cendocerine organs and this complicates an

analysis of the effects of hypophysectomy on specific physiological

In fishes, 1ittle is known about the snacifics of ecedback

mochanisme in tho neurcendserine systen, and this I: esnecially so for

the offfcel of Y on LURH Tovsis in Lhe bhroir of flicres
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interpretations. of the results in this study are, based‘on our
understanding of ehdocrine control systems in other vertebrates, tempered
by the knowledge that regulation of gonadotropic activity in teleosts is
primarily neural, and not vascular (Peter and Nagahama, 19765 Peute et
al., 1976). One would expect the removal of the pituitary gland, and the
associated decrease in GTH, to lead to a depletion of stored LHRH in the
brain as well as an increase in its synthesis. The cytological
observations of high synthetic activity, along with the quantitati&e
decrease in LHRH observed in the brain as determined by RIA and ICC,
supports this interpretation, at least for the NPP and NLT. 1In the NOR,
however, the evidence of high activity is associated with an increase in
ICC~demonstrable ir~LHRH as well as in increase in basophilia and nuclear

and nucleolar size, thus suggesting that in this brain region therc is

-

aotiQated synthesis withoﬁf‘increased, or even perhaps witﬁ decreased,
LHRH release. The failure of GTH administration to restore LHRH to
normal levels aépears to confliet with interpretations based on BPG
regulaticn in mammalsj; however, the quantity of GTH administered in this
study may have been insufficient to reverse the effect of hypophysectomy
on the LHRI stores. This explanation is supported by the fact that five
10-ug GTH injectiocns on alternate days does lead to a partial return of
normal cytology and ICC-demonstrable LHRH levels in the NOR, NPP and HLT.
Experiments should, therefore, be conducted in which GTH is administered
in greater duantities nnd/dr {for longef dgurations. If these proposeﬁ

restoration of ICC~ and RIA-detectable LHRE %o

ja¥]

experiments result in

levels characteristic of intact fish, they would support the concept

J
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the primary control, or one acting in, conjunction with the shortloop
mechanism, is dependent upon the direct contact of LHRH.-conveying
neuronal fibers with pituitary gland gonadotrops. Although the failure
of CTH to restore LHRH to norm;l levels may alsce have been influenced by
the quantity of gonadal hormﬁnes present in the hypophysectomized fish;
the study indicates that even 5 weeks after hypophysectomy the histology
of the ovary renains normal, thus making it likely that changes in
gonadal steroid levels were minimal for the duration of these
experiments. Howevér, the guantity of GTH administered appears to be
sufficient to resulﬁ in the depletion o% mature yolky oocytes and the
stimulation of oogenesis, a_phcnomenonlobserved in other teleosts as well
It is clear that gonodal steroids are important in affecting a delicate

balance amony components of the BPG axis from birth to adulthood in

vlatyfish. HNeonutal fish alrsady contain steroid syntheslzing enoynes
Y

r

(Schreibman et al., 1982b). Metamorphic changes in the anal fin indicate

that circulating levels of sex steroids appear =zarly and increase at

specific periods associated with maturational changes (Grobstein, 194&;

Sehreibman et al., 1982b).

pu's
HAS

The usze of tritiated sex steroids and autoradiography have
demonstrated steroid concentrating centers in the teleost brairn.
Radioactive matcrial has been identified in the'teiencephalon 2lose Lo
the NOR, tha NPP and the L7 (Kim et egl., 1979a, b). Also, steroids
labeled with tritium or fluoroscein have been localized in pitultapy
cells in the CPD and PT (Kim et al., 197%, b; Schreilman et al., 1982¢).

These findinss suzgest that sol steroids may directly influcnce gecretory
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administration of androgens to immature_fish of early and late maturing
genotypes induced precocious sexuzal development which was manifested by
the accumulation of ‘ir-LHREH in the brain, a proliferation of gonadolrops,
demonstrated that different %teroids affect different brain centers,
since the administration of testosterone (T) led to the accumulation of
ir-LHRH in Lhe NOR and NPP, whereas 1i1-keto testosterone (11-K) led to
its accumulation in the NOR and NLT. Even animals of late maturing
genotype that vreceived 11-KT had ir-NLT perikarya, a phenomenon never
observed in normal development. The fact éhat the administration of sex
steroids can induce the maturation of all components of the BPG_axis
suggests that under normsal conditions, puberty may be induced by a gudden
inecrease in circulating levels of sex steroids. A positive fecdback of
steroids has also been demonstratced in immature salmonids where the
jimplantation of testosterone into the HNLT and pituitawy dramaticzlly
increased the content of pituitary GTH and stimulated gametogenesis (Crim
and Evans, 19280, 1983). Furthermore, in vitro studies in salmonids
demonstrate that the administration of andfogens in conjunction with LHRé
produces an increase in the number of gonadotrops that is greater
(Fahracus~-van Eee et al.; 1933), than that found when LHRH is given alone
(van den Hurk and van de Kant, 1975; Billard, 1978; Gielen et a3., 1982
Crim and Evans, 1983; Farhaeus-van Ree, et al., 1983);

his study demenstrates that the sequential appeoarance of LUHRH

-3

producing centers in the platyfish brain precedes and is essentisli for
the coupleticon of pituitary gonadotrop development and the subzequent

~

maturaticon of the pgonads.’ The steps in Lhis paliern of developm ot are
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gene controls the age and size at which platyfish become sexually mature
(Kallman and Schreibmun, 1973; Kallman et al., 19735 Schreibman and
Kallman, 1977; Kallman and qukoski, 1678). A basiec guestion that
remains to be answeredvis how the language of the genome is translated
into the neuroendocrine ph@siologioal action that leads to the
development of the reproductive system. The findings presented in this
study suggest a number of focal points for future reéearch on the site of
action of the P locué.

The NOR_is one of sevéral likely candidates for the location of the
P gene "switch" for reproductive development. It is the first region in
the brain to contain ir-LHRH and, therefore, the NOR could function in

regulating the gonadotropic activity of the immature pituitary.

Presumably this would he accomplished by direct innervation of the 1CPD
b : )

and PI. The‘most'éignificant role of the NOR, however, may well be one
of relaying a messazge to other brain centers_signaling the beginning of
the process of puberty. This is suggested by the fact that the NOR
innervates the other two brain ceniers in addition to the pituitary and
that there are marxed changes in its activity which are directly related
to the initiation of activity in the NPP, RNLT and pituitary. In short,
it appears that the “cascade" phenomenon\may be iniltiated by the NCR.
Lesioning experiments might help clarify the functional interrelationshic
of the three brain centers.

"The NOI is unique cempared to the other ir-LHRH containing brain
regions of platyfish by virtue of its anatomical and physiolozical
position_in the neurocridccrine system. JTis associaltion with visusl and
olfactery reeeptors (1Hn1;~§p al., 1981, 199%; Sehreibman et ~1., 1683,
1934 Crapos (e Coprona and Priteoeh, 1082) and with Lho

pireen LU A A prime posiilion for opoonivirs cnvironmointat o ates, s e
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to ﬁeproduction, and converting them into endocrine action in the BPG
axis. The positive correlation between the development of nasal
epithelium and the stage of éexual maturation, no£ chronological age
1
(Schreibman et. gl., 1984) further demonstrate the importance of the link
tetween NOR related sensory recéptors and P gene action.

The system in which the NOR ocecupies an important pivotal position
is not unique to platyfish. It appears analogqus teo the nervus
terminalis in the guinea pig which is the first region to contain ir-LIRH
during-development and whose ir-~LHRH cells and processes are often
intermingled with fiber bundies of the olfactory nerve (Schwanzel-Fukuda
and Silverman, 19803 Schwanzel-Fukuda, et al., 1981). 1In humans, there
is a reproductive anomaly known as Kallmann's Syndrome which results from
the failure of the dlfactory system to develop normally. This condition
is chardcterized by deficdiencies injLHﬁH and GTl, the failure of the

-~ o

-
gonads to develop, anosmia {loss ol sense of OLCaSLONAalLlY

J
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snell) anc
c¢olor blindness. The administration of LHRH results in the restoraticn
of pituitary gonadotropic function (Soules and Hammond, 1980).

Another possibility is that the P gene has operational cignificance
in the NPP. The observation that the NOR at stage 2 in late maturcrs is
significantly larger than that of carly maturers suggests that it may be

working harder to override a "genome-induced block" to the "switeh" which

*

of the

<

may he present in the HPP of late maturers. The NPP is part
anteroventral preoptic region, an area strongly implicated as one of {hae
sites for origination of gonadotropin releasing hormene (GnRil) in many
teleosts and numerous studies have identified ir-LURI perikarya in th NPP
vhoge {ibers travel

U Lo the ¥NLT and/or pituitary stalk% (Schreibamsan et al.,
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also a center for GTH release iﬁhibito:y.faetor (GRIF) activity (Peter
and Paulencu, 1980; Chang and Peter, 1983 a or b). Tt is believed that
this inhibitor is the catecho;amine, dopamine (Chang and Peter, 1933a,
b). Therefore, it is quite p;ssible that the P gene in platyfish is
responsible for the regulatiog of this, and/or other inhibitors of LHRH
action. Bao (1981) and Bao and Kallman (1982) suggest that an inhibitor
of GnRH may be responsible for the failure of hybrids of Xiphophorus to
reach scxual maturation.

In the "cascade! scheme the role of the NPP is to initiate activity
'in the NLT which, with the participation of éhe NOR and NFP, leads to the
development of the CPD gonadctropic zone in the pituitary and subseqguent
~gonadal maturation. This sequence of events in the NPP, KLT and
pituitary occurs rapidly. The existence of an effective communicative
relay system betwéen thesé two brain nucleil (NPP'and-NLT)‘and the
pituitary is further suggested by experiments in go;cfish where
injections of monosodium glutamate (M3SG) cause degeneration in areas of
the NPF, NLT and pituitary stalk (Kah et al., 1983).

The failure of ir-perikarya to appeér in the NLT of late maturing
fish from stage 2 to stage 6 may have considerable significance in the
understanding of delayed maturation, especially that found in homozygou
Nigra fish (§5255 NN) which frequently do not reach sexual maturity until
they are more than one year old (Kallman and Borkoski, 1978) or shterile

Yipnoevhorus whieh never become mature {(Bao and Kallman, 1982).

inability of Mun=, et al. (1981) to identify ir-LHRH in perikerya of the

NLT of "store-bought” platyfish, might very well have bzsen due to Lhe
faot that late meturing penotypes or sterile hybrids wers used in fhal
stuay,
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(MR1) and nucleus recessus postérioris (N2P) of the paraventricular organ
(PVO) which may act as a'ﬁeuromodulator of LHRH function via
neurotransmitter activity. Aléo, processes from the PVO which innervate.
the NLT and more rostral pértions of the diencephalon have been
identified in telcést; (Ekengren, 1975; Terlou et al., 1979).
Fluorophores of the neurotran;mitters dopamine and serotonin, have been
identified in the PVO of numerous teleosts by use of Falck-Hillarp
methodology (Terlou et al., 1979) and, most recently, immunoeytochemical
methods have been used specifically to locaiizeiir-serotonin (5HT) in the
NRL and NRP of platyfish (Margolis-Kazan et al., 1983) and goldfish (Kah
et al., i983). It would be interesting to speculate thot it is
serptonin,'which.has been shown to modulate LHRH synthesis and release in
mammals (Jennes et. al.; ﬁ981), acting at the level of the HLT, which
regulates the last step in the casﬁaﬁe centrel of pituitary maturation.
This hypothsEis coﬁld be evaluated.by studying differences in the
distribution of ir-bHT in early and late developing genotypes at various
staées of their maturational process.

The inability to demonstrate ir-LHRH in NLT perikarya of late
maturers is the only striking brain differenze noted between mature
platfish of the two genotypes, and therein might lie a clue to delsnyed
matugation and the expression of the P gene "switch"., The possible
reduced LHRH production by the perikarya of the NLT may be caused by the
fact tﬂat the P gene expresses itself in a quantitative fashion. Late
maturers also have fewer CPD gonadobtrops, and thus smaller gonads, which
mayibe a feflection of these findings. These observationg ars remarkably
similar to the endocrince profile cof hypogonadal (hpz) mice, whose
deMietency i onynociaianie LURY resuits an oa reduchion of plouitary

sonadobtrapin, poorly doveloped gonadotrops and the Tailure of aceosnory

R ]
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sexual tisosus proweh (Sustarsic and Wolfe, 19795 Mcobhowell, gt. al.,
1982a,5). Fufthefmore, injeations oft aypthetic LHRE or the implantation
of LHRE preducing beain tissue Trom normal donors into the third
ventrical of these hpg mice reverses thege zbnormalities (Charlton ct
al., 1983; Cibscn et. al.; 1983

It ig also possible that.the 2 gene cperates in a quantitative
maneer at the level of the pituitary gland by regulating its sensltivity
to LUHERH. This could ba accomplished through the genctie control of
either tbe number o gopadotreops or the number of effective LHRI receptor
sites on GTH producing cells. In fact, the term "P" pgene was originated
te suggest that its action wes at the level of the pituitary (Kallman ef
2l-, 1873), and this was basad on the observaticn that the abrupt
development.of the monadoftropic =zone 1ﬁ'thc vCPD coincides with the
initiation of puberty (stage 2).

This discuseion clearly indicabes that the site{s) and mechanism(s}
of action of thé F opene are hkighly complex phenomena and that they may
involve many compornents of the pervous and endoerine systems. The
results of this investigation asuggest thalt the P gene may express itselfl,
aither dirvectly or indivectly at all levels of the BPG axis. The
parameters discussed were prompted by the findings of this atudy,
hewever, it is clear that other peossibilities, that go beyond the
boundaries of this reporit, should alsc be considercd.

The mechanisms controlling puberty have been extensively reviewad by
Ojeda, ef. zl., (1983) who coacludes that "the onset of puberty can b2

visualized as the eolminaliiocon of a caseade of chanpes whieh develep in 2

"7y 1 , B -1 PR s 7y Y . N o~ 4 2 ey O . -~
syncehronisae manner daving rcprouu:u-Ve immaturity. VWhile those
chanomens oy ba pnbdscet Lo conabic contioiy thaie v o ms aoy POAnG L

- LIS SN TS - 1 PR I ) . - N . ’ .. . N
tangible interaclion are of Jeadoroninl Surortonss 20 pu=orty to ooour
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at A proper age". The platyfish, Xiphophorus maculatus, represents a
perfect model for the investigation of these relationships between the

genome and the development of neuroendocrine structure and function.
i
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Summary:

This study utilized oytoloéiual, cytometric, immunocytochemical and

“radiocimmunological methods go evalute the activity of LHRH producing
i

regions of the braiq in relaﬁion to the pituitary gland and gonad, (1)

from birth to adulthood, in sibling platyfish genetically determined to

reach sexual maturity at differént ages, and (2) in aduvit platyfish which

were hypophysectomized and received gonadotropin hormone replacement.

The resultes of this study indicate that therc is a2 seguential
development of the three ir-LHRU containing areas in the brain that is
direcily related tc stage of sexual maturation and not chronological age.
The NUR is the first region to contain ir-LHRH which then appears in the
anterovenﬁral porﬁion of the NPP followed by the NLT pars postet‘iofis°

This anterior to posterior seguence of development which has been termed

the "cascade effecty is essentially-similar in both early and late

)
-t

r: late maturers, spacific steps tale

e

maturing gendotypas, exceph that
plage at similar developmental stages but in older animals, and require
more time to be completed, and ir-LHRH is never found in perikarya of ﬁhe
KLT. The delay in time creates significant differences in the
cytometric, cvtological, and immunological characteristics of the three
brain regions-in fish of the same age but different genotype.

The appearance of LHRH producing centers in the brain precedss, and
is essgntial for the completion of pituitary gonadotrop development and
the subsequent maturation of the gonads; A direct correlation was Cound

between the number of Ir-LHRH containing neurons in the brain and the

nuinber of ir-GTH CPD and PI cells ia the pituitary of both early and late

maturcrs Irom orne weel bto 2dulthesd.,  In adult carly and late maturers
Lhe pawber of ir-celle are scimilar in tho MOR on? PL. but lobs - mabionss
nave significantly fewer ir-cells in the NPP, Hib ond OPD. In batr

s

L3}



genakypes, ir-LHRH containing perikarya in the NOR rcach maximun values
before the appoarance of ir-LHKH in the NPP and HLT which occurs
concomitantly with the pralifer?tion of gonadotrops in the CPD,

"The dynamics of thé interaction between LHRE and pituitary GTH are
further illustrated by the e}feots of pituitary remcval and hormone
replacement. The ICC and RIA analysis results demonstrate that
hypophysectomy proeduccs distinet cﬁanges in the distribution and guantity
of LWRH in the brain. RﬁA indicétes that there is a decrease in total
LERH conteont in the brains of hypophysectomized animals, which is
-partially restored by the administraticn of salmon GTH. ICC. indicates
that while H animals show. decreased. ir-LHRH in the HLT and HNPP, NOR
immunoreaotivity increases. Similarly, the administration of GTH also
has a differengial eftecht in differeit regions of the brain. .

The differeni responses of the NOR, NPP aﬁd NLT to hypophysectomy
and Lhe sequential accumulaticn of ir-LHRH in these three centers between
birth and puberty suggest that they differ in their roles in regulating
BPG axis function. It appears that the NOR functions when GTH levels are
low as, for example, in sexually immature platyfish and in mature Tish
following hypophysectomy. The NOR is alsq unique compared to the other
ir-LHRH containing brain regicns of platyfish by virtue of its
association with visual and olfactory receptors and with the pineal
gland.

)

The results of this study indicate that the site(s) and
mechanism (s} of action of the P gene are highly complex phenomena and

that the P gene may express itscelf, either directly or indirectly, at

arious levels of the aervous and endoerine ovatems.

[
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. Table 3
Correlation of Gonopodium Development to Stage of Testis Maturation®

%

Gonopodium Formation State of Testis Maturation

Stage of ium
{Accerding to Kallman and Schreibman 1¢73) {Azcerding to van den Hurk 19274)
Undifferentiated anal fin " Stage I: Testis consists of 2 lobes with
spermatogonia arcund central stroma.
Stage IT: As in I but with first sign of
intratesticular effarent duct formation
Stage 1l: At 3-5 weeks of age fin rays 3, & Stage III: Testis enlarges due to prolifera-
and 5 shorten in males. : tion of spermatogonial cysts.
-3 e -
Stagse 1 to StageZ: 3-4-5 ray complex Stage IV: 2 or 3 lavers of c¢ysts that
znlarges; increase in the number of contain spermatocytes.

segments in ray 3 from 9 to 22.

L34

Stage 3 toc 6: Gonopodium completes Stage V: 6 or 7 layers of cysts some of which
differentiation into rod-like structure ‘ contain spermatids cr sperm cells (sperm
with terminal hook, blade and "spines" cells may be seen in gonopodium stage 2 in
(teeth). sone early maturing genotypes); hydration

of efferent duct tubules.

. Stage VI: Efferent ducts fully developed and
many spermatozeugmata present.

* Schreibman et al., (1982).
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