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Introduction

It is well known that, in all vertebrate animals,
the pituitary'giand controls many aspects of reproduc-

- tion by secreting various tropié hormones; Among the
hormones, those known as gonadotropic hormones (GTH)
undoubtedly play leading roles in regulating gonadal
activities of vertebrates iﬁcluﬁing teleost fishes. On
the basis of these facts, injeétidn of.exogénous pitui-
tary preparations Ghyﬁdphysation) has been widely prac-
"ticed for current aquaculture in order fo_better’control
reproductive Conditions, especially such as oocyte mat-
uration and ovulation, in marine as well as freshwater
fishes, At present, however, there are contradictory
opinions among workers in that: field of stu&y.about the
chemical and biological nature of fish GTH. Elucidation
of the problem seems to be advantageous for extending
the practical application of hypophysation to fishes of
diffefent states of gonadal maturity.

It is evident that the pituitary gland of maﬁmals
contains two physiologically distinct gonadotropic hor-
mones, viz. follicle stimulating hormoﬁe (FSH) and lute-
inizing hormone (LHﬁ. Also in the pituitaries of non-
mammalian tetrapods, the existence of two GTHs, resembl-
ing mammalian FSH and LH, has been reported by sevefal
workers (Licht et al., 1976). In teleost fishes, how-

ever, the problem as to whether the pituitary gland



possesses one or two kinds of GTH(s) is still not settled.
In early biochemical studies, Witschi (1955) bioas-
sayed pituitaries of sharks, garpikes and salmons, and
obtained FSH and LH activities from their pituitaries,
Otsuka (1956) also detected FSH and LH substances from
salmon pituitaries by using mammalian bioassay systems.
On the other hand, Fontaine and Gérard (1963) could bio-

chemically prepare only one gonaddtropic factor (c-GTH)

from the pituitaries of carp, C&ﬁfihus carpib, that was
entirely inactive in mémmalidn‘assays but was quite ac~
tive, like mammalian LH, in the frog spermiation assay
(Burzawa-Gérard and Fontaine, 1965) and in the goldfish
testicular hydration assay (Clemens et al., 1964).
Burzawa-Gérard (1971) later succeeded in getting more
highly purified c-GTH. ]

Yamazaki and Donaldson (1968a, b) partially puri-

single gonadotropic hormone (s-GTH), which was capable

of regulating spermatogenesis, spermiation, vitellogen-
esis and ovulation in hypophysectomized goldfish, Caras-
Sius auratus;A The same effect was also reported in In-

dian catfish, Heteropneustes fossilis (Sundararaj et al.,

1971; 1972). Thels;GTH as well aé mammalian LH was shown

to be able to stimulate the day-old chick festis to en-

hance its radiophosphorus uptake (analdson et al., 1972).
Thus, the results obtained in the carp and. the

salmon have led these authors to emphasize the



possibility of the existence of a single GTH in teleost
fishes which is different in its chemical composition
from either LH or FSH in higher vertebrates (Yamazaki,
1969; Burzawa-Gérard and Fontaine, 1972; Donaldson,
1973). Later, in fact, Breton et al. (1976) purified
only one pituitary GTH (4-GTH) in rainbow trout, Salmo
airdneri, which had physico-chemical characteristics
comparable to c¢-GTH and s-GTHTaﬁd to mammalian IH,
Yoneda and Yemezaki (1976) and Farmer and Papkoff (1977)
also reported the preéénce'of a single GTH in chum salmon,

Oncorhynchus keta, and in Tilapia mossambica, respec—

tively.

However; there are some studies in which conflict-
ing results were shown as to the kind of gonadotropic
'factors present in teleost pituitaries. bHattingh and
“du Toit (1973) identified two active gonadotropic frac-
tions, both of which were able to induce spermiation in
the goldfish, from the pituitary gland of mudfish,
Labeo umbratus. Haider and Bltim (1977) also obtained

two gonadotropic fractions from the pituitary glands of

crucian carp, Carassius auratus gibelio. When adminis-

tered to male swordtails, Xiphophorus helleri, one of

the two fractions Qf“the.crucian carp induced spermato-
genesis and spermiation, and activated testicular inter-
stitium, while the other only stimulated the spermato—
genesis without significant effects on spermiafion and

testicular interstitium.



Recently, two protein fractions with gonadotropic
activities were purified from pituitaries of chum salmon,

Oncorhynchus keta, by Idler et al. (1975a, b) using the

chick testicular radiophosphate uptake assay and the
trout gonadal c-AMP production assay. "In addition,
Campbell and Idler (1976, 1977) reported that a glyco—
- protein fraction isolated from the pituitary gland of

American plaice, Hippoglossoides platessoides, failed to

stimulate accumulation of yolk in oocytes while a non-
glycoprotein fraction was able to reinitiate the process

of vitellogenesis when assayed in hypophysectomized

winter flounder, Pseudopleuronectes americanus. The
vitellogenic nonfglycoprotein hormone and the matura-
tional glycoprotein hormone were isOlated further from
pltultarles of the Amerlcan plalce (Ng and Idler, 1978a),
the chum salmon (Ng and Idler, 1978b), the winter floun-
der (Ng and Idler, 1979) and the carp (Idler and Ng,
1979). These studies by.Idler and his collaborators
seem to/imply that the dwvwality of pituitary GTHs may be
not confined to those fishes examined by these authors.
A major problem'concerning the identification of'
teleost GTH(s) seems to be the lack of sensitive and
specific bioassay methods using teleost fishes as test
| animals. If such bioassay procedures for piscine GTH(s)
}be eétablished, biochemical ahalyses must pro#ide cbnclu—
sive evidence for determining the kind and nature of the

pituitary hormone(s). The biochemical approaches,



however, may encounter another important difficulty in
that quite a iarge number of pituitary glands are needed.
to get a suffiéient amount of purified preparations in
6rder'to accomplish reliable bioassays of their hormonal
activities. This is reflected in the Tact that the puri-
fication of piscine GTH(s) has thus far been successful
in a few 1afge—éized fish species of'aﬁhigh human avail-
ability such as salmons and carﬁ.

Gytologicalyas well as biochemical studies have
‘long been devoted to identify glandular cells in the
pituitary gland of various teleosf'fish, and knowledge
off the: functional morphology_of the gland has beeh
rapidly accunulated for the past quarter of century
(Pickford and Atz, 1957; van Oordt, 1968; Ball and Baker,
1969; Sage and Bern, 1971; Nagahama, 1973; Schreibman et
al., 1973; Holmes and Ball, 1974; Fontaine and Olivereau,
1975; Leatherland, 1975). Numerous histological and
histochemical studies on teleost pituitaires have thus
shoﬁn that GTH(s) are produced and discharged into circu-
lation from basophilic cells which display prominent.
cyclic changes of their activity in harmony.with‘the
reproductive cycle. In contrast with biochemical studies
mentioned above, the cytophysiological studies seem to
merit in that: different kinds of pituitary cells produc~
ing GTHs of different chemical natures, if any, may
possibly be identified histochemically regardless of

the size and number of specimens available. Moreover,



functional differentiation of the gonadotrophs associat—
ed with reproductive cycling'of fishequan also be in-
vestigated by such studies. Nevertheless, the question
of whether the pitﬁitary glands of teleost fishes pos-
sess one or itwo types of gonadotropic cells is still
controversial to date. | |
Since the 1960's, irrespective of widespread intro-
duction of sophisticated histochemical techniquesiinto
the study ofvfish pituitary glands, only one type of
gonadotroph has been féported to exist in various tele-

ost species: killifish, Pundulus heteroclitus, and guppy,

Lebistes reticulatus (Sokol, 1961); black molly, Poecilia
latiginna (0livereau and Ball, 1964; Sage and Bromage,
1970a, b); black surfperch, Embiotoca j&ékéoﬁi (Lagios,

1965); catfish, Clarias batrachus (Lehri, 1965; Joy and

Sathyanesan, 1979); blind Mexican cave fish, Anoptichthys

jordani (Mattheij and van Oordt, 1967; Mattheij, 1970);

medaka, Oryzias latipes (Aoki and Umeura; 1970; Kasuga
and Takahashi, 1971; Chan, 1977); Japanese eel, Anguilla
japonica (Yamamoto et al., 1974); Indian catfish, Hetero-

pneustes fossilis (Baker et al., 1974); Indian carp,

Cirrhinus mrigala (Moitra and Sarkar, 1976); zebrafish,

Brachydanio rerio (van Ree, 1976); grass carp, Cteno-

pharyngodon idellus (Anon., 1978a); a cichlid, Tilapia

mossambica (Chiba et al., 1978); and a goby, Rhinogzobius

brunneus (Yoshie and Honma,.l978),

On the other hand, the presence of two typés of



pitﬁitar& gonadotrophs has been shown histologically and
histochemically in European eel, Anguilla anguilla

(Olivereau, 1960, 1961, 1967; Olivereau and Herlant,
1960; Olivereau and‘Fontaine, 1966; Knowles and Vbllrath,
1966b), Oncorhynchus spp. (Olivereau and Ridgway, 1962),

goldfish, cérassius é.ﬁratus (Olivereau, 1962), "gg ‘;i SPP.

Overbeeke and McBrlde, 1967, 1971 McBride and van Over-

beeke, 1969), roach Leuciscus rutilus (Ollvereau, 1969),

............

.....

chinook salmon, Oncorhynchus tshathscha (Ollvereau,

1972), Symphodus ocellatus and §.'mediterraneus (Demal

et al., 1974), Lepomis cyanellus and L. macrochrius

(Simon and Reinboth, 1974), kokanee salmon, Oncorhynchus
nerka (Kawashima et al., 1976), Atlantic salmbn, Salmo

saiaf‘(Olivereau, 1976), Perca fluviatilis macedonica

(Dimovska, 1977), rainbow trout, Salmo galrdnerl, and

brown trout, Salmo fario (Ollvereau, 1978).

Current immunohistochemical studies using antibodies
raisédlagainst the c¢«GTH or mammalian LH and‘FSEEhave
been able to loeatevgona&otfophs in the pituitary gland
of the carp (Billard et al., 1971), the sockeye salmon

(McKeown and van Overbeeke, 1971), Tilapia marmoratus

(Doerr-sSchott, 1976), the black molly (Goos et al.,~

1976), threesPined stickleback, Gasterosteus aculaeatus,

perch, Perca fluviatilis, and Tilapia mossambica



(Follenius et al., 1978) and platyfish, Xiphophorus

maculatus (Schreibman and Margolis-Kazan, 1979). How-
ever, the gonadotropic substances used as antigens in
the above-cited studies were either purified GTHs of .
mammalian origin.which.are undoubtedly‘different in
their chemical nature from piscine GTH, or a single GTH
preparation of pisciné ofigin which completely laéks, or
even contains, another kind of ﬁossible gonadotropic
ﬁagtor; Accordingly, at least at present, the immuno—
_cytochemicalvstudies dd not seem to be fully efficient:
in discriminating possible two tyﬁes of pituitary gona-.
- dotrophs in fishes., Similar immunological studies, in
separate attempts, using tWo kinds of GTHs that have
been purified from several teleost species as mentioned
before must be more fruitful in this regard.

- Electron microscopy on the pituitary gland, if
combined adequately with the histochemical study, is
efficient: not only for the identification of different:
glandular cell types but also for observations of changes
in the activity of a given cell type in connection with
physiological states of fishes. Neverthéless, the prob-
lem as to Whéther-there is only one or two types of gona-
dotrophs in. fish pituitaries has become more ambiguous
even afteﬁfintfoduction of extensive electron miero-
scopic studies since the 1950'5; | |

In some‘teleost species,‘only one type of pituitary

gonadotroph was detected by electron microscopys



the guppy (Follenius and Porte, 1960); Cymatogaster

aggregata (Leatherland, 1969); the chum salmon (Nagahama
and Yamamoto, 1970); the medaka (Kasuga and Takahashi,
1970); the Japanese eel (Yamamoto and Nagahama, 1973);
grey mullet Mugil cephalus (Abraham, 1974); Tilapia spp.

(Leatherland et al., 1974), flounder, Pleuronectes flesus,

and minnow, Phoxinus phoxinus (Benjamin, 1975); the black

molly (Batten et al., 1975; Benjamin, 1976; Peute et al.,
1976); the coho salmon (Nagahama et al., 1977); and the
grass carp (Anon., 1978b). On the contrary, two distinct
types of gonadotrophs have been demonstrated ultrastruc-
- turally in other species of teieosts: the European eel

(Knowles and Vollrath, 1966a, c¢); Zoarces viviparaus

(Oztan, 1966); pond loach, Misgurnus fossilis (Jasifiski,
1973); the roach (Bdge et al., 1974§ Ekengren et al.,
1978a); and loach, Misgurnus anguillicaudatus (Oota,
1975). |

The situation in some other fishes appears to be a

matter of much complexity, since the results of ulfra—
structural observations were quite conflicting as %o the
kind of gonadotropic cells even in the same specie% of
teleosts., For example, in fhe sockeye salmon, Onébrgxne

chus nerké, Nagahama and Yamamoto (1969a) and McK96wn

and Leatherland (1973) identified only a single type
of pltultary gonadotroph, while Cook and van Overbeeke '

(1972) discriminated two types of the cells. Such




(Nagahama and Yamamoto, 1969b; Kaul and Vollrath, 1974;
Lam et al., 1976: vs. Leatherland, 1972; Leatherland

and Sonstegard, 1977), the carp, Cyprinus cappio (Ruro-

sumi et al., 1963: vs. Leatherland and Sonstegard,'1977),.

and the threespined stickleback, Gasterosteus aculeatus

(Leatherland, 1970: vs. Slijkhuis, 1978). Quite recent-
1y, Ekengren et al. (1978b) and Peute et al. (1978)

~ reported their wltrastructural observations on pituitary
‘gonadotrophs'Of thg Atlantic salmon and the rainbow
‘trout;_reSPectively,'in which they regarded two gonado-
tropic cell typés as different forms or in different stages
- of activity of a single type of gonadotroph during the
sexual cycle of.the fishes. ‘

Alfhough, as described above,.there have been an
extensive body of worksconcerning the pituitary gonadé—
trophs ofvteleost fishes, the problem as to whether tele-
ost fishes possess one or twé gonadotropic cell types in
the pituitary gland is still controvefsial at present.
The present study is thus conducted to examine if some
speciés of teleosts truly have two distinct types of
’gonadotrophs in the pituifary gland, and to étudy the
significance of cytological characteristics of the twé
types of pituitary gonadotrophé in various fish species
in order to distinguish their respective,funcfion.

First, with respgct to gonadotropic cell types of
the pituitary gland, gonadotrophs in the loach, Misgurnus

anguillicaudatus, are of the writér'SISPecial interest

10



since previous investigations on some species of the
genus Misgurnus have indicated the presence‘of the two
types of cells based on light and electron microscopy
(Jasifiski, 1973; Oota, 1975). However, these studies
did not refer to cytological changes of the cells under
different physiological conditions of the fishes, In
~the present study, some experimental attémpts were. con-
ducted in order t§ identify and discriminate'possible
two types of pituitary gonadotrophs in the loach. Ultra—
structural changes denoting gonadotropic acti#ities of
the cells were studied by stimulating fhem through.
‘goﬁadéctomy and through administratidns-of’GTH-releas—
iﬁg substances, and further by inhibiting them through
treatments with sex steroids. The results could indicat-
ed the presence of two distinct types of pituitary
gonadotrophs in the loach, which will be described in
detail in this paper. In addition, dareful cytological
studies were carried out in the present study on the
changes of the two types of pituitary gonadotrophs in
both sexes of the loach during the whole reproductive
cycle., Physiological significance of ‘the changes ana-
lyzed oﬁ the basis of some experimental findings will
be presented in this paper. _

Second, a.comparative study on pituitary gonadotrophs
of other teleost fishes were made using chum salmon,

Oncorhynchus keta, masu salmon, 0. masou, rainbow trout,

Salmo gairdneri, whitespotted char, Salvelinus leucomaenis,

11



goldfish, Carassius auratus, and Japanése eel, Anguilla

jagoniéa, as materials., In these species of teleosts,
some” confused results of observations on pituitary gona-
dotrophs have been obtained by several auth;rs;

Elnally, discussion will be made in this paper on
‘the S1gn1flcance of the duality or unlclty of pltultary
gonadotrophs in teleost fishes, especially on different
roleslplayed by two distinet types of gonadotrophs in
the_gourse oﬁ“reproductive development in both sexes of

this group of vertebrates.
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Materials and Methods

The main material used in the present study is the

loach, Misgurnus anguillicaudatus. The fish were mainly

collected from brooks in the vicinity of Hakodate,
Hokkaido. They were subsequently kept in aquaria set
in the laboratory under natural 1ight‘énd temperature
conditions, and were fed on commercial fish diet once a
day. |

Besides the loach, 6 species of teleost fiShes4were
also studied in the presentstudy.. Goldfish, Carassius
auratus, of a Wakin variety were bred and reared in
stock ponds off the laboratory. Japanese eel, Ahggilla
japonica, of the‘silver cafadromous form were captured
in rivers‘in Aomori Prefecture, transported to the labor-
atory, and kept in aquaria with sea water under natural

light condition. About 4-year-old adults of chum salmon,

Oncorhypchus keta, were sampled at the Yakumo Branch,

Hokkaido Salmon Hatchery. Masu salmon, 0. masou, were

13



obtained from stocks cultured in outdoor fresh-water

ponds at the Mori Branch, Hokkaido Fish Hatchery., Rain-

bow trout, Salmo gairdneri, and whitespotted char,

Salvelinus leucomaenis, were both cultured at the Nanae

Fish-Culture Experlmental Statlon, Hokkaido Unlver51ty.
Specifications of other characterlstlcs of these fishes
used in the‘present study will be given in corresponding
sections of thls paper, | |

For the purpose of histological and histochemical
investigations of the pituitary gland and the gonad,
fishes were killed by quick decapitation and the orgens
were excised out rapidly. Pieces of gonads were fixed
in Bouin's fluid or Bouinyﬁbllande solution. Serial para-
fﬁin‘sectiqns of the specimehs were cult at 8 pm in'thick-_
ness, and stained with usuai Delafield's hematoxylin and |
eosin. Pitﬁitary glands‘for light micfoscopy were fixed
in Susa, Zeker-formol, or Bouin-Hollande-sublimate.
Serial sagittal sections were made at 6 pm in thickness
from paraffin—eﬁbedded‘blocks, and stainéd with aldehyde
fuchsin (AF)-light green-orange G, periodic acid-Schiff
(PAS) or Herlanf's alcian blue-PAS-orange G (AB-PAS—OG;i
Herlant, 1960).

For electron microscopical observations, some pitu-
itary glands were immersed in 2,5% glutaraldehyde in
0.05M phosphate buffer (pH T7.4) for 2 hours at 4 °¢, and
then postfixed in Milionig's osmium tetroxide for 2

hours at 4°C. Others were prefixed with Karnovsky's

14



glutaraldehyde—parafdrmaldehyde mixture (Karnovsky,
1965) in 0.2M cacodylate buffer (pH. 7.4) for about 3
hours at room temperature, postfixed in 1% osmium te-
troxide in the same buffer (pH. 7.4) for about 2 hours
at 4 °C. After the dehydration through‘ graded ethanols,
the glands were‘embeddéd in a Epon-epoxy resin mixture.
Ultrathin Sections, cut with glass knives on a Porter—
Blum MT-1 ultramiérotome at the'thickness of 50--80 nm,
were stained double with uranyl acetate and Reynolds!
lead citrate (Reynoldé; 1963), and then examined With_a
Hitachi HS-7 or a HU-12 electron microsCépe. Parallel
semithin sectiops of the Epon—embedded specimens‘of
about 1 pm thick were stained with methylene blue fof
light microscopic comparison.

Other methods -employed in the present study will
be described in detail iﬁ‘resbecfive.sectioﬁs of this

paper,

Resulis

I. Observations in the loach

1. Types of glandular cells in the pituitary gland

(1) General morphology of the pituitary gland

The pituitary gland of the loach, Misgurnus

15



anguillicaudatus, is composed of two distinct components,

the neurohypophysis and thé adenohypophySis. The former
penetrates into the center of the gland and intefdigi—'
tates complicatedly with the latter. The adenohypophy31s
consists of three different lobes, viz. rostral pars
distalis (RPD), proximal pars dlstalls (PPD) and pars
intermedia (PI) (Fig. 1). These three lobes comprise
eight different types of glandﬁlar cells, viz; tﬁo types
of a01dophlls, four types of basophlls and two types of
chromophoblc cells (Fig. 2).

The RED occupies the anterior porfion df the gland,
and contains one type of acidophilic cells together with
chromophobic,ones._ The acidophils are stained with |
orange G by AB-PAS-0G staining, =nd with both 1light
green and orange G by AF staining. The cells are disf
tributed evenly throughout the RPD, and form the largest
coﬁponent of that region. They are elongate‘or polygonal
in shape; Generally they exhibit no particular arrange-
ments, but.sdmetimes'they are arrayed'in a form of
'pseudofollicles(Figf3); The nucleus, oval or elongate
in shape, is s1tuated in a corner of the cell on many
occasions, Ultrastructurally, the acidophils have many
electron dense, rounded granules, ranging from_250 to
350 nm in size (Fig. 4). The rough endéplasmic reticu-
lum is composed of flat or lamellar cisternae. The
Géigi apparatus lying in the juxtanuclear‘region is

_rather‘a few in number. Mitochondria are generally of

16



round or rod shape and are found throughout the cyto-
plasm. Basing on these histological and. cytologicai
characteristiqs, the cells of this type may be identifi-
ed to be prolactin cells. |

The‘remaining type of cells in the RPD Shows no
specific affinity to both acidic and basic dyes, Théy
'are elongate or columnar in shape and exist closé‘to
the érea.bordgring the;neurohypophysis;'forming a.2
or 3 eells i:higk- 1ay'e3;*f (F1g5) ‘The me»ieﬁs‘*of'
the cells is oval in form and ié located in the cell
periphery. ‘Elecfron microscopically, the chroméphobic
célls contain dense, round or oval granules, measuring
150-250 nm in size (Fig. 65. The rough endoplasmic re-
ticulum is composed of long lamellated cisternae. The
Golgi apparatus and rod- or round—-shaped mitochondria
-are rarely observed. Jﬁdging from these cyfologicai
characteristics, they may be regardedAas adrenocortico—
trbpic (ACTH) cells.

The PPD is situated in the‘central portion of the
gland. One acidophilic type and three basophilic types
of glandular cells are present in the PPD. Acidophilic
cells, which are strongly positive to orange G in both
the AB-PAS-0G and AF‘staining, are encountered through-
out the PPD, They are oval or round in shape, and their
oval nucleus is eccentric.in_pqsition in mbst cases
(Fig. 7). The cells are éharaéterized ultrastructurally

by having electron dense, spherical granules, ranging

17



from 200 to 400 nm in size, distributed throughout the
cytoplasm (Fig._8). The rough éhdoplasmic reticulum
generally consists of flat cisternae oriented randomly.
The Golgi apparatus is scarcely found. Mitochondria
are few in.number and mostly elongate ‘in shape. They
may possibly be somatotropic (STH) cells. “

Cytological characteristics of the other three
types of basophils sxisting in-fhe"?PD‘Will be dcscribed
in detail in successive sections of this paﬁer;

The PI is located in the posterior part of +he
gland, and is composed of two tyﬁes of:cells;AViz.‘chro—
mophobes and basophils. The chromophobic cells are dis-—
tributed evenly'in the PI. They are oval or round in
shape with round nuclei (Eig.‘Q).. In electron micro-
graphs, the cyfoplasm of the cells are shown to'confain
spherical or round granules, measuring 150—200‘nm-in
size, of electron densities varying from highly dense
to translucent appearance. ' The rough endoplasmic
reticulum consists cf°f1at.cisternae. The Golgi.appara—
tus and round-shaped mitochondria are spafse iﬁ the
cells;

Basophilic cells ih the PI are weakly positive to
PAS, and is fewer in number than chromophobes, They are
angular in shape with round or oval nucleus (FPig. 9).

In fine structure, the cells contain many elecfrcn dense
granules of 200-450 nm in size (Fig. 10). Ill-developed

rough endoplasmic reticulum is found scattered throughout

18



the cytoplasm. The Golgi apparatus and rod-shaped mito-~
chondria are only a few in number. Although precise
roles of these two cell types in the PI are uncertain,
the chromophobic cells may be related~to the production

of melanophore stimulating hormone (MSH).

(2) Identification of thyrotrophs

It appears in most teleost fishes that thyrotropic
(TSH) and gonadotropic (GTH) cells are commonly present
in the PPD and both are basophilic in nature. In the
PPD of the pituitary gland of the loach, three basophilic
cell types are discernible other than the acidophilic
somatotrophs. Then, the first attempt in the present:
study was to identify TSH cells and GTH cells among the
three_types of basophils,

In order to distinguish thyrotrophs décisively from 
other cell types, adult loaches were treated with thio-
urea which is known to stimulate the release of TSH from
the pituitary gland by inhibiting the production of
thyroid hormones. A total of 24 adult loaches of both
sexes, ranging from 8.5 to 11.3 cm in body length and
from 3;1 to 8.6 g in body weight, were used in the
thiourea treaﬂment‘which was carried out during the
period fﬁom June to August, 1978. The loaches were kept
in glass aquaria with aerated water under natural light
- and temperature conditions. They were fedvon commércial

fish diets once a day throughout the experiment. At the
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start of experiment, 4 females and 4 males were sacri-
ficed and served as initial controls. Another group of
6 females and 4 males was immersed in 0.0l%‘thiodrea‘
solution, Which was changed every two days. Half of
them were killed after 30 days of the treatment and
half after 60 days. Another group of 3 females and 3
males, which served as controls, were- ralsed ordinarily
and were killed 60 days after the start of experiment.

In the fish treated with thiourea for 30 days, some
basophilic cells existing in the ?PD were seen to be
increaeed.in size. In these_cells'secretory granules
were deoreaeed.slightly in number, and the rough endo—»
piasmic reticulum came to“consist of long lamellated
cisternae; Sometimes well-developed Golgi appératus
could be found near the nucleus° In the fish kilied
after 60 days of the thlourea treatment, baSOphlllc
cells were further increased in number-as well as in
size (Fig. 13). Thelr secretory granules were clearly
'dlmlnlshed in amount, and the rough endoplasmlc retlcup
lum consisting of parallel lamellae was developed con-—
spicuously throughout the cytoplasﬁ (Fig. 14).. Many
Golgi apparatus appearedito Be very;active, and immature
granules were ofteﬁ“present within the Golgi field.
Mitochondria.were seen to be much enlarged~in size.

The cells activated evidently by the thiourea treat-—
ment were found to be ;ocaliéednin the-dorsaiiregion.ofl

the PPD. In control loaches of both sexes, they showed
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a weak affinity to both alcian blue and PAS in the AB-
PAS-0G preparation and to aldehyde fuchsin in the AF
preparation. They were few in number, small in size,
and mostly angulér in shape with round or oval nuclei
(Fig. 11). Ultrastructurally, they contained samll,
round or oval granules, measuring 80-200 nm in size
(Fig. 12). The secretory granules of the cells Wére
observed to be sméllest in size'compared with those of
other cell types of the pars distalis. Lamellated rough
}endoplasmic reticulum was sparse, The Golgi apparatus
and’rod- or round-shaped mitochondria were rarely detect-
ed. These cytological aspects corresponded well to
those: of thyrotfopic (TSH) cells described so ﬂaf for

_other teleost species,

(3) Globular cells and vesicular cells

The remaining two types of basophilic cells in
the PPD, other than thyrotrophs, show different:
localities, staining properties and cytological charac—
teristics from each other. The cells of one type are
distributed in the central and ventral parts of the PPD,
and are stained intensely with alcian blue and PAS in
the AB~PAS-0G preparation. Their nuclei are often ir-
regular iﬁ shape and eccentric in position (Fig. 15).
The cells are ultrastructurally charécterized by having
two different kinds oﬁfspherical grénularVinclusionsr

one of them, designated as large globules, are relatively .
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low in electron density and noticeably lafger in size,
measuring 600-1200 nm, while the other, described hence-—
- forth as small granules, are highly electron dense and
smaller in size, ranging from 200 to 500 nm in diameter
(Fig. 16). The rough endoplasmic reticulum of the cells
is usually lamellar or irregularly vesicular in‘form
with electron lucent materialg, - The Golgi apparatus is
moderately active, being accbmpanied sometimes with
vesicles charging electron dense cdntents. Mitochondria
are few in number and mostly elongate in shape, and are
located near the Golgi field. The cells of this type
are designated as the "globular cells" in the ﬁresent.
study.

Basophilic cells of the other type encountered in
the'central and dorsal parts of the PPD are strohgly
‘positive to PAS bub are almost negative to alcian blue
| in the AB-PAS-0G preparation. However, the cells show
an affinity to'aldehyde fuchsin similar to the
globular cells in the AF preparation. Their nuclei are
generally round in shape apd are almost centrally locat-
ed (Fig. 17). They are marked ultrastructurally by the
constant occurrence of numerous cytoplasmic vesicles;
which are rounded cisternae of the rough endoplasmic
reticulum, with‘finely granuiar contents of moderate
electron density (Fig. 18). The cytoplasmic vesicles
_ are round in shape and relatively uniform in size, being-

in sharp contrast to cisternae of the rough ehdoplasmic
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Text-fig. 1. Size dlstrlbutlon of small granules (ﬁ) and.
large globules (8) of the two types of gonadotrophs,
the vesicular (v-GTH) and globular (g-GTH) cells, in
‘males (M) and females (F) of the loach, leggggps
angullllcaudatus. -
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reticulum of the globular cells. The cells also contain
large globules of 500-800 nm in éize and small’granuies
of 150-450 nm in sige, but'these granular cytoplasmic
inclusions are smaller in size and fewer in number +than
those of the globular cells, Well—developed‘Gblgi appa—
ratus consisting of small vesicles and a stack of‘flét-
tened on;slightly dilated 1ame11ae sometimes exist in
the juxtanucleaf\fegion. Mitochondria are mosfly‘round-
ish‘in shape, and are scattered throughout the cytoplasm.
The cells are termed the "vesicular cells" in the pres-
ent: study. The éize‘distribution of granuiar inclusions.
of the globular and vesicular cells in the pituitary
gland of the loach is summarized in Text—fig. 1.

The gldbular-and,vesicular cells are easily dis-
%inguishable from the other six types of glandular
cells in the pituitary gland and also from each other
by their ultrastructural features as well as their
localization and histochemical characteristics. Any
~intermediate cells between the two types of the cells
were not'observed by the presenﬁ_light and eleétfon

microscopy.

2. Idenﬁification of gonadotrophs (GTH cells)

For the purpose of identifying pituitary GTH cells
of the loach decisively, two different experiments were

carried out in the present study. It is well understood
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that release of GTH from the pituitary gland is under the
conurol of relea51ng hormone(s) of the hypothalamus 1n'7
teleosts as well as other vertebrates (Schally et al.
1973). Therefore, in the first series of experlments,
a synthetic luteinizing hormone-rele331ng hormone (LH—
'RH), which has been shown to be potent to selectively
' actlvatekpltu;tary GTH cel}s in some teleosts (Kaul and
Vollreth* 1974; Lam et al., 1976;‘Chan, 1977;_Anon:,m
© 1978a, b; Ekengren et al., 1978b), was adminiséered to
the loach in order to determine the locality of GTH
cells by their cytologlcal responses. In addition,
clomlphene c1trate, a non—ster01da1 antiestrongen capable
of stlmulatlng GTH cells pos31bly through a promoted |
‘release of hypothalamic GTH—reieasing hormone, was aieo
used in the exﬁeriment; ~In the second series of experi;
ments, bearing in mind a negative feedback mechaﬁism o
‘which controls the activity of pituitary GTH cells, gonad—
ectomy of loaches of both sexes and the treatment of |
the fish with exogenous sex steroids were‘dohe to cause
'activatioh and inhibition, respectively, of their GTH
cells; |

A1l the'four different experiments.were done during
the perlods from May %o July when the fish were at later
phases of the prespawnlng perlod or at the early spawn—”
llng period. During that perlod, there were many glob-
ular'ahd vesicular cells in the PPD of the pituitary
gland of.adulf control fish regardless of sexes (Fié.
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19). The globular cells contained numerous small gran-—
ules and a few large globuleé in the cyt0p1asu. In
these cells, the rough endoplasmlc retlculum was scat—
tered throughout the cytoplasm, its clsternae being
.écarcely dilated (Fig. 20). The Golgi- apparatus appear-
“ed to be hlghly actlve, and mitochondria were rather
small in number. The vesicular cells also had small
granules and 1arge globules, but these granular inclu-~
sions were constantly fewer in number than those of '
globular cells. Their characterlstlc cytoplasmlc vesi-—
cles were relatlvely uniform 1n s1ze and always contaln-
ed material of a low electron density (Flg. 20). The
Golgi apparatus and mitochondria were rarely observed iu
the cells:'

In the4pituitary gland of young female loaches used
in some experlments, both the globular and the ve51cular
‘cells had already dlfferentlated in the PPD (Flg. 21)

In the globular cells, both the two kinds of granular
inclusions;were found to be smaller in size and fewer in
number thén thoée of adult fémales; small granulos being
100-400 mm and large globules 400-1000 nm in size (Fig.
22); The vesicular cells were almost the same in their
cytological features as those of'control‘adult females

(Fig. 22).

(1) Effects of synthetic LH-RH
" Eighteen adultbfemales,.12 young females and 12
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adult males, 9 5—12 i, 6.7-17. 9 and 8 7—9 9 cm in body
length respectlvely, were used in the experiment.

These fish were divided into-6 groups, each consistimg'
of 3 adult females, 2 young females and 2 adult males.
They were kept in separate glass aquarla w1th constantly
aerated water under natural light and temperature vary—
llng from 15 to 18 G and were fed on COmmer01al fish o
pellet once a day. The experlment was commenced on.May
30, 1979 and 1asted for 3 ‘days., "

m Synthetlc LH-RH (Rutamln, 'Daiichi Co., Ltd ) was
ﬁlssolved in 0. 6% saline at a concentratlon of 1 pg/o 01
;ml‘ and 1n3ected 1ntraper1toneally at a dose: of 1 pg/g
body welght Control flsh were injected with 0.6% saline .
only. The flsh of 4 experimental groups were'killed l,
24, 48 and T2 hours after a single injection of LH—BH,‘
and those of 2Hcontrol groups were sacrificed 1 and 72
‘hours. | | | |

| In the control groups, ovaries of adult females
were filled with many oocytes in the tertlary yolk stage,
and those of young females had oocytes in the yolk ve31—
cle stage. Control males had testes with germ cell
cysts in Various sPermetogenetic‘stages along with a"
1srge emount of metﬁre sPermatozoa. A single injection
of LH-RH didwnot provoke any prominent changes in the
gonads 1rrespect1ve of sex and maturlty of treated f1sh
’when examlned 72 hours after the 1n3ectlon.

Administration of synthetlc IH-RH into adult loaches
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led the globular énd vesicular cells of the pituitary
gland %o some structural changes. " One hour after the
injeétion, most of the globular ceils'showed pronounced
hypertrophy (Fig. 23). Ultrastructurally, the ceils
showed a distinct decrease_in‘number-of small granulés;
Although large globules remained unchanged in number;"
.they became low in electron density; The fough endo-
plasmic reticulum wasvcomposed 6f numerous cisternaé”‘
dilated conspicuously in various degrees; The nucleué
of the globular'cellsVWas quite irregulér in shape énd
unusually dense (Fig. 24). Some enlarged Golgi appara-—
tus and mitochondfia occurred in the cells; TWenty-fdur,
48 and 72 hours»after the LH-RH injection, some‘of the
globular cells were undergoing pycnotic changes, but
others became regranulated with small granules and & few
large globules in the cytoplasm (Fig. 25). In the re-
granulated cells, the rough endoplasmic reticulum dével—
oped stacks of flat or lamellar cisternae, the Golgi
apparatus appeared to be moderately active, and mitoéhon—
dria were a few in ﬁumber (Fig. 25,. “
Similar but less prominent cytological changes were
observed in the globular cells of the LH-RH-treated
young female loaches; One hour after the injectidn;
small granules and large globules in the cells were al-—
most unchanged in number, and cisternae of the rough
endoplasmic reficulum was as flat as those of unaffected

cells. HoWevér, the Golgi apparatus in the affected
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cells became highly active with immature granules appear-
ing'frequently within the Golgi field (Fié. 26);' After
24, 48 and T2 hours post—iﬁjecﬁibn; the cells showed a
gradual decrease in number of small granules and a pro—
'gressive dilation of cisternae of the rough endoplaémic
‘i'e'ticu-lum‘ (Fig,:.‘ 27)'. The 1arg'e globules appeared to be
‘unchanged in number and in electron densiﬁf; The Golgi
'apparatus was modérately active and mitochéﬁdria.were
seen to be increased in siz;. |

On the other hand, while no notable structural
changes were detected in the vesicular cells of adult
fish of both sexes after 1,24 and 48 hours of the LH-RH
injection (Figs; 23 and 24); they became to exhibit
‘some active features after 72 hours. At that time, the
cells increased in number and in size; Small granules
in their cytoplasm increased slightly in number (Eiég.
28 and 29)1 Cytoplasmic vesicles of the cells were
'relatiVeLy uniform and small iﬁ size in females, but
many of thém were evidently 1arger in size in males
(compare Fig. 28 with Fig. 29). Well-developed Golgi
apparatus and ehlarged mitochondria were encountered
in the vesicular cells of the LH-RH-injected adult
loaches of both sexes., | | |

In the veSicﬁiar cells of young females, too, there
were ﬁo promintnt cytological changes 1l hour after in-
jection (Fié. 26); After 24, 48 and 72 hours, the vesi-

cular cells progressively displayed a slight increase
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in size of cytoplusmlc vesicles, but the number of small
granules and 1arge globules were almost unchanged (Flg.
27):; The Golgi apparatus appeared to become somewhat
active and mitochondria were increased in size in the

cells,

(2) Effects of c¢lomiphene citrate

Thlrty six adult female loaches, 9—17 3 cm in
total length and 4, 5-18 1 g in body welght were collect~
ed in middle May,1976. At the start of experlment 10 |
females were sacrificed and served as initial controls.
The other 26 fish were divided inte control and experi;
mental groups, and were kept 1n qeparate glass aquarla
with well-aerated water under natural light condltion.
Water temperature was not regulated and varied from 13
to lB%f. They were not fed during the experiment;
| Clomiphene citfate‘dis301ved in O;é%iséline at the
concentratlon of 1 pg/o Ol ml was injected at a dose of
1 pg/g body welght 1ntraper1toneally into females once
va‘day or every thlrd day.‘ Control fish were 1n3ected
wifh'OLG% saline only; £11 of the‘experimental'and
control fish were examined for the oceurrence_of ovula;
+tion bf stripping them every day, and those that ha&
been ovﬁlated were autopsied; Fish of-the control gfoup
were sacrificed at the end of experiments lasting for
10 and 15 days. |

In all the fish that had been induced to ovulate by
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clomiphene treatment, most of the basophilic cells in
the PPD showed a remarkable decrease in their stainabil-
ity to AF, though thyrotropic cells existing in the dor—
sal PPD showed no prominent change in the staihability
(compare Fié. 30 with Pig. 31). The globﬁlar cells were
observed to be highly vacuolated and thelr nuclei be—
came dark w1th indented contour (Flg. 33). The vesicular
cells were also seen to be promlnently vacuolated but
their nuclei exhibited little change (Flg. 33). Ultra-
structurally, too, the globular cells showed.a distinct
decrease in number of small granuleé. Some large'glob—
ules in the cells became more electrdh dense and others
appeared to be filled with finely granﬁlated material

of rather low electron density (Figs. 34 and 35). The
“rough endoplasmic reticulum of these.cellé was composed
of pumerous cisternae dilated conspicuously in various
'degrees; The‘Gdlgi apparétﬁskwas moderately developed
and mitochondria were seen to be much elongated.

Changes in the vesicular cells were essentlal ly
similar to those found in the globular cells. Small
granules in their cytoplasm were clearly diminished in
'numbei, while large globules appeared to have increased their
electronldensiﬁy~and become irregular in shape in some cases
(Fig; 36); Cytoplasmic vesicles-charaéteristic of the
cells were evidently larger in size‘than those in the
~ cells of control flSh but the change was less promlnent

“than that in the globular cells in most cases (Flg. 37).

31



No notable change was detected in mitochondria and the
Golgi apparatus, except for a possible increase in size

of mitochondria in the vesicular cells.

(3) Effects of castration

“Gonadectomy of adult loaches was carried out in.
October 1977 and in April.1978. The experiment was re-
_peated in June 1978 when the fish were at the late pre—
sPawning period producing essentially similar but more
consplcuous results than before. In thls case, 10 fe—
males and 6 males, ranﬂlng from 8 3 to 11.4 cm in body
length and from 3. 9 to 9. O g in body weight, were sub-
gected to bllateral surglcal gonadectomy through a
mld—ventral incision. They were kept in aquaria con-
talnlng well—aerated 0.6% NaCl solutlon under natural
light and temperature, whlch ranged from 15 to 20 C‘ and
were fed commercial fish food once a day. Under these
rearing conditions, the fish were well maintained during
the experimental period' Autopsy‘confirmed compiete
‘gonadeotomy by the absence of gonadal tissue of the flSh
‘operated. Another 4 fish of each sex served as controls.
lHalf the number of these fish were killed after 30‘and '
60fdays post—operation for the examination of their pitu-
itaries; - |

Gonadectomy‘of the loach at the late prespawning
period elicited some structural chenges in the'gioonlar

and vesicular cells of the pituitaries, but the responses
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appeared to be different in structural aspects and in
degrees between the two cellhtypes and even between the
different sex of the fish. In the PPD of females killed
30 days after ovariectomy, fhe globular cells were ob-
‘served to be incréased in size mainly due to a dilatation
to varying extents of-éisternae of the rough endoplaémic
reticuluﬁ. In the cytpplésm of these cells,‘éﬁéil-gran;
ules were slightly decreased in number but large glob-
ulesuaﬁpéared‘fb remain unchanged, when compared with
"those in the cells of éontrol'females; The globular
cells became to show a pronounced hypertrophy 60 days
aftér ovariectomy (Fig. 38); Cisternae of the rough
'endoplasmic reticulum were'dilated'éxfensively to form
an irregular vacublar systém occupying most of the cytd—
plasm, giving to the cells a spongy feature rather than
thewso-called signet-ring appearance; The contents of
the dilated cistéfnae weré'génerally transparent; Small
granules in thése.cells became scanty in amountg while
large globules sﬁowed little change in their numbef‘
though they appeared to becoﬁe low in electron density
‘(Fié. 39). An enlargemehf of Golgi areas and of mito-
chondria was also noticed in the cytoplasﬁ. |
In cbhtraSt, any prominent modifications wéré not
detectable in the vesicular cells of ovariectomized fish
even after 60 days post—operation (Figs; 38 and 39). It
was found only that the cytoplasmic‘veéicles charactéer—

‘istic of the cell type were somewhat diversified in
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size and in electron density as compared with those in
the cells of control'females.

In castrated males, changes of the globular cells
were not so=marked as those fqund in spayed females
(Fig. 40); ,Even after 60 days post-operation, there was
only a tenuous progress of a dilatation of cisternaesofx
the rough endoplasmlc reticulum in the globular cells.
- Small granules and 1arge globules in thelr cytoplasm
mostly remained unchanged-ln number and in electron den-
sity, though some‘of the large globules were seen to
éhow'a'higher'éleétnon“densiﬁy.n The Golgi apparatus
consisting of numerous paraliei lamellae‘and minuté vesi-
cies appeared to be moééfately active in these cells
(Fig. 41). |

The vesicular cells showed evident changes in male
loaches subjected to castration. In the cells 30 days
after castration, their cytoplasmic vesicles were slight—
ly}increased in size, and both small granules and large
globules wefe decreased in number., Cytoplasmic vesi-
cles of the cells 60 days after castration were round in
shapahand ratner uniform in size (Fig. 41), but a few of
them‘wérenextraordinarily large on some occasions (Fié.
42). These features differed from dilated cisternae
of the rough endoplasmic reticulum found in the globular
cells affected by castration; Moreover, in tne vesicular
Cellé 60*days after castration, small granules were“emif

nently decreased in number and large globules were
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scarcely detected (Figs. 41 and 42). The Golgi appara—

tus was rarely observed in these cells.

(4) Effects of sex steroids

Two series of experiments were carrled out u31no
adult male and female loaches as materlal. In the first
series, which was conducted from June to July 1978, 16
loaches of both sexes, 9.0-11.7 cm in body length and
4.2-7.7 g in bodvaeight, were divided into 4 greups of
4 fish eacﬁ; Estradiol-178 at a2 dose of 50 Pé'and tes-
tosterehe ét-a dose of lOO'Pg per fish were adﬁinié%ered
o 4 females and 4 males, resfectively; The secoﬁd
serles of experlment began at the end,of May 1979,
with 12 flSh of both sexes of 8 2—11 4 cm in body length
and 3. 0-8 0 g in body weight. In this series, 3 males
and 3 females were 1n3ected hetrogeneously with estra-
d101—175 at a dose of 50 pg and testosterone at_a dose
of 100 peg per fish, reSpectively; The hormones, which
were pre%iously dissolved in ethanol, were added to 0;6% :
saline and were injected intraperitoneally into the fish
6 times at 5-day intervals; Autopsies were done on the
treated fish aldng with saline-injected controls 5 days
‘after the last injection. The fish were kept in sepa— i
rate glass aquarié of cpnstaﬁtly_aerated 0.6% NaCl solu-_
tion under natural light aﬁd:tempefature, and were fea"'
on commercial pellets once a day;

In both series of experiments, ovaries of control

35



fish were filled with many oocytes at developmental
stages near the end of vitellogenesis, and testes of
control fish had many germ cell cyéts in various sperma-
" togenetic stages. Following injéctions of estradiol;
'the yolk—laden'OOCytes were seen to be-undergoing dégeh—
eration., Iesfeé of males'treatéd with estfadiol coh;
tained a considerab;e‘amount of matufe'spermatozoa,"but
germ cells in intérmediate stages of spermatogenesis
‘Were scarcely fouﬁd in seminal lobuleS;

| In pituitaries of'estrogen—tfeated female 1oa¢hes,
the globular cells were clearly diminished in size (Eié.‘
43); Their small granules were smaller in size, measﬁr—_
.ing 100-350 nm,_in comparison with those of the cells of
control females, though they were increased in amount
remarkably (Fig. 44). Large globules remained unchanged
in nuﬁber but became irregular in shapé and higher in
ﬂelectroﬁ density; Cisternae. of the rough eﬁdoplasmic'
reticulum were reduced in amount and were mostly flatten-
éd; Iii;deQeloped Golgi apparatus and highly eléngaféd‘
‘mitochondria were also present in these cells; '

On the other hand, only slight changes occurred in
the vesicular cells qf‘estradiol—treated females (Fig.
43);, Cytoplasmic vesicles of tﬁesé cells were relative—
1y uﬁiform in sizé and were similar in aspects to those
of the control fiSﬂ. Granular inclusions of the ceils
feﬁainéd almost unaffected by the estrogen treatment,

except for large globules that tended to zugment their size.
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It was noticed, however, that the Golgi apparatus in the
vesicular cells of eetrogen-treated females appeared to
be very active, consisting of extended parallel‘lamellae
end numerous minute vesicles, with immature granules ap-
pearlng frequently within the Golgi field (Fig. 44).

Slmllar structural changes occurred also in the two
types of cells 1n male loaches follow1ng estrogen treat-
ment (Flg. 45). In the cytoplasm of the globular cells,
small granules were clearly 1ncreased in number, and
large globules appeared to be hlghly in electron den31ty.
The rough endoplasmic reticulum was reduced in amount “
and the Golgi apparatus was poorly developed in these
cells (Eig. 46); In the vesicular cells, cytoplasmic
vesicles were rather uneVen in size, but their granular
inclusions were‘almoat unchahged in number and in size;
The_Golgi}apparatus was‘highly active, sometimes being
.accompanied with immature granules (Fié. 47)‘ These
agreed well with the features of the vesicular cells in
estrogen—treated female loaches.

Testosterone 1n3ected into male loaches at the late
prespawning period'exerted no notable influences oa
their testes in which‘germ cell cysts at various sper—
”matogenetic stages were maintained along with a large
amount of spermatczca accumulated in the lobule lumeh.
Ovaries of'testosterone—treated females also showed 1it-
tle change in histclogical aspects many oocytes in‘the

tertiary yolk stage were still‘aS'healthy in androgen--
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affected ovaries as in control ones.

The testosterone,treatment caused some character-
istic changes in the globular and vesiculan.cells of tne
loach of both sexes (Figs. 48 and 51). In the globular
"cells of'testosterone~treated males and females, thepe.
.was a notable 1ncrement in amount of small granules
which were reduced in size to 150-450 nm as was the case
for the cells of estrogen—treated females. Large glob-'
ules were also increased inlnumbei and in electron den;
sity; Cisternae‘of the rough endoplasmic reticulum were
~cften observed to be dilated to various extents‘ln the
'cells'of testosterone—treated fish of‘both sexes,.though
the dilatation was more'conspicuous in males than in
females (compare Fig. 49‘with Fig. 52)' The Golgi appa-
ratus and mltochondrla in these cells were not 81gn1f—
1cantly 1nfluenced by the androgen treatment. |

The testosterone treatment prouoked intefesting mod-
ifications‘in the vesicular cells in treated males; |
Cytoplasmic vescicles in these cells were conspicuously
diminished in s1ze to become flattened in some places of .
the cytoplasm. In addition, small granules in their
cytoplasm were considerably larger in amount and Smaller
in siZe, measuring 100-400 nm, while large globules were
increased in number and in electron densityt The Golgi
apparatus was‘moderately‘developed with a few minute
vesicles, and mitochondria were somewhat elongated iﬁ

these cells (Fig. 50). On the other hand, the vesicular
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cells of female fish were observed to be almost unrespon-
sive to the testosterone treatment (Flg. 51) Cytoplas-:
4mlc ves1c1es of the cells were round 1n shape and con—-
talned somewhat low electron dense contents. The num-
ber and the s1ze of their granular 1nclu51ons were a1~
most similar to those of the cells of controls. The
'Golg1 apparatus appeared to be moderate1y~act1ve.in

these cells (Fig; 53);

(5) gonclusion

“ Folloning‘the treatment of prespawning loaches with
LE-RH or clomiphene citrate, changes:such as cellular
hypertrophy, degranulation and dilatation of endoplasmic
reticulum were prominent excluSively in the globular:
cells of. the PPD of the pituitary'gland; Cells of this
type were also conspicuous for their characteristic re-
sponses to'gonadectomy, though changes of the cells wereb
less prominent in castrated males than in ovariectomized»
ermales; In addition, the globular cells became atro-
‘phled after the treatment with sex hormones 1n either
sex of the 1oach, Therefore, it seems reasonable to
consider the globular cells to be conventional gonado-
trophs.

The veslcular cells of the loach also exhibited

somesstructural changes following the treatment with
LH-RH or clomiphene citrate, but the changes were less

obvious than those found in the globular cells. The
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cells of female loaches responded also to ovariectomy,
though the response was rather slight when compared Wlth
that of the globular cells. In the vesicular cells of
male loaches, by contraet, complete castration brought
about an enlargement of thoplasmic.vesicles and a de-
crease in the emountmcf both small granules and large
globules; Estrogen treatment stimulated the vesicular
cells to develcp the synthetic ectivity of fhe'Golgi
apparatus in the fish of botheexes; On the other hand,
in androgen~treated mele loaches, the vesicular cells
were cbserved to regress with hcfable shrinkage of their
cytoplasmic vesicles; These observatlons indicate that
the ve31cular cells also relate functlonally to gonadal
activities in male and female loaches.

The results obtained from the ﬁresent experiments
notwcnlj disclose the presence of two distinct types of
'pituitary gonadotrophs in the loach, but also suggest
the difference in functional significance concerning the
control of gonadal activities between the two cell types.
No transitionel types of cells from one to the other of
the two‘cell types were detectable in the pituitary gland
by the present experimeﬁtal‘studies; It is noted that
the two cell types élways retain their respective'cytol—
cgical characterisfics and remain strikingly distinguish-
able from each other even in the experimental conditions
that would cause extreme functlonal alterations of gona-

dotr0plc cells It is thus concluded that the loach,
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Misgurnus anguillicaudatus, have two distinct types of

gonadotropic cells in the pituitary gland, and that the
two gonadotropic cell types may play different roles in
different stages of sexual development in either s5ex of

the loach.

To solve the problem as to when the two types of
gonadotrophs may exert thelr respectlve gonadotroplc po-
rten01es, it seems effectlve to carry out careful cytolo- |
'gical studies on changes.of the pituitary cells both |
"during the course of gonadal developﬁent in juvenile

stages and during the reproductive cycle of adults.

(1) Changes during gonadal development in juvenilé loaches

i a) Females ,
_.Juvenile female loaches killed in November, averag-
- ing 5.0 cm in body 1ength and 0.8 g in body weight; had'
quite immature ovaries in which oogonia were the sole
germinal component‘ In these fish, , only a few alecian
blue- and PAS-pos1t1ve cells were distributed exclu31vely
in the central part of the PPD These cells were mostly
-oval or elongate in shape with oval-shaped—nuclel (Flg.
'54); These cells contairied many small, eleetron dense
granules of 150-300 nm in size and a few large, less

electron dense globules of 400-600 nm in size (Flg. 55)
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The rough endoplasmic reticulum was eomposed of flat
cisternae. The Golgi apparafus was poorly developed.
Mitochondria wefe few in number and small in size;
These cytological features of the cells appeared to cor-
respond to those of the globular cells; ,Ne.typical“
cells of the vesicular type could be detected in the
fish, However, some cells with clear'cytoplasﬁ were
present in'the‘dqrsad and central parts of the PPD:(Fig.
54). In these cells, cytoplasmic organelles'were scarce-
1y present (Fig. 55). These cells were termed the non-
granulated cells in the present study; Somatotrophs and
thyrotrophs in the fish were observed to be similar in
structural features to those of adult fish';

\ In juvenile females sampled in January, averaglng
-6 7T cm in body length and 1.5 g in body welght the ovaries
had oocytes in the peri-nucleolus stage. In the pitui-
tary gland of these fishJ the globular cells were ob—
served to have sllghtly 1ncreased in number in the ven-—
tral and central parts of the PPD (Flg. 56) However,
the cells showed llttle change in their ultrastructural
aspects in comparison with those observed in the previdusr
stage (Fié. 57): In their cytoplasm, small granules |
were slightly enlarged to 200-400 nm in 31ze, and the
‘large globules also became larger in 81ze, attalnlng
400-800 nm in S1ze.g The rough endoplasmlc reticulum con-
sisted of flat or small vesicular cisterneeL Although |

the vesicular cells were not be detectable yet in females
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at that stage of gonadal development, the non~granulated
'cells were slightly 1ncreased in number (Fig. 56). |
Yearling females sacrlfleed ‘in April, measurlng
8 0 cm'in body length and 2, 5 ‘& in body welght on an
average,»had ovaries with many oocytes of the yolk vesi-
cle stage. The globular cells in'their‘pituitaries showed
almost the_sameﬂféatures as fhose found in the preced—
ing stage. In fhese‘fish, hqﬁéver,Jéome cells with:.
"clear vébuoles_in the cyﬁdplésm apﬁearéd in the central“ '
and dorsal parts of the PPD. These cells were stroﬁgly.
positiVe fo PAS, but were almost negatiVe to alcian blu;;
‘They were round or oval in shape and had mostly round—
shaped nucleus (Flg. 58) The rough endoplasmlc retl—'
culum of the cells was composed of rounded vesicular'
cisternae which contained material of low electron den—
sity (’"Fig." 59)'. Small granules of 100-300 nm in size
were accumﬁlated in groups in theif cytoplasm; and affew
large globules of 500—800”£m in size were also present;
The Golgi apparatﬁs was moderately active and rod-shapéd
mitochondria occurred in the juxtanuclear regioﬁ;ﬂtThese
cells were thoﬁgﬂf to be vesicular cells.that had dif-
ferentiated during that stage of the life;cycle,_pfe4
sumably from the non-granulated cells pre—existing'in the
PPD, éince the noﬁ—grénulated cells could hardly be de-
tected in the pituitary gland of the fish at that sfage
of developmenﬁ | |

In May, ovaries of yearling females, measuring 8 5
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~em in body length and 3.0 g in body‘weight, had many oo-
cytes in the primary yolk globule stage; In the fish,
a con31derable number of the ves1cular eells were found
in the dorsal and central regions of the PPD These
cells were rich 1n cytoplasm which contalned many clear vac-
uoles by light microscopy (Fig. 60) The cytoplasmic
vacuoles 001n01ded electron mlcroscoplcally with rounded .
‘vesicles of the rough endoplasmlc retlculum w1th flnely
“granulated contents of a moderate eloct:cn density. In
uthe cytopldém of the vésicular‘oells, small granules of
100-400 nm in S1ze were slightly 1ncreased in number,
while large globules appeared to remain unchanged in -
number and in size (Flg. 62). The Golgi apparatus were
rarely observed in the cells; On the other hand, al-
‘though some of the globular cells at this stage}retéined
a similar morphologlcal aspect to those at the prev1ous
"stage, others: exhibited some actlvated featuress
their small- granules ‘of 150-450 nm in size were
somewhat iuoreased in number,_and cisternao of tﬁé,rough
'endoplasmio reticulum were dilated to some extents (Fig.
61); fThe Golgi apparafus was also moderately active in
these cells;

In yearling females sampled during the months from
June to Auguét, which averaged about 9.0 cm in body
length and about 5;0 g in body weight, ovaries were £ill-
'ed with maﬁy oocytes advanoing to the secondary'and ter_

tiary'yolk»stages. In the pituitaries of these fish;
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the globular cells were observed to have increased in
number and in size (Fig. 63); In their cytoplasm, a.lof
of small granﬁles were increased evidently in size at—
taining 200-500 nm, and 1arge globules were also ine}eas—
ed both in number and in size measuring 600-1200 nm (Flg.
64). Cisternae of the rough endoplasmic reticulum were
dileted to various extents and contained electron lucent
material, The Golgi apparatus was highly active, and
sometimes immature granules were pfeseﬁt within the Golgi
field, In contrast, no notable cytological change was
observed in the vesicular cells when compared w1th those
found in yearllng females collected in May (Flg. 63)
'Dllated vesicles of the cells were relatlvely uniform in
size, and both small granules and 1arge globules were»
few in number (Flg. 65)

- In September, adult females that had‘spawned measur-
ed 9:5 cm in body length and 5.0 g in body weight“bn éﬁ“
average; In these fish, the globular cells displayed a
degenerative feature (Fig. 66). The nuclei of‘the cells
were quite irfegular in shape and unusually dense.

Large globules in the cells appeéfed to remain uncheﬁged
in number, and they were filled with a finely granulated
material of low electron density; Small grahules re—
mained ﬁnchanged in size and electron density; Thekfough
endoplasmlc reticulum became composed of numerous cis-
ternae dilated to various degrees (F:LO 67) The Golgi

apparatus were sparse in these cells, On the other
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‘hand,‘no significant changes were detected in the
vesicular cells of postspawning females byilight and
electron microscopy (Figs. 66 and 68); | |
b) liales S ‘

Juvenile males sampled in November, measuring 5;3
cm in body length and 1.0 g in body weight, had immature
testes with spermatogonia only: In these fish, there
”were on;y a"few.globular cells in - the central_part‘of
the PPD, as was the case in juvenile females of the same
period (Fié.‘69); The cells contained many small gran-
ules of 100-300 nm in diameter together with.a few.large
globules of 400—600 nm in diameter (Fié. 70); Flattened
cisternae of'the rough endoplasmic reticulum were sparse,
the Golgi‘apparatus were poorly developed, and small-
sized‘mitochondria were located in a corner of the cellg.
There were‘aléo some non-granulated cells in the Qentral
and dorsal parts of the PPD in these fish (Figs. 69 and
70). - '

In juvenile males collected in January, a small
number of cysts of the first spermatocyte stage were ‘
present in the testis together with mahy spermatogonia.
In the pituitary of the fish, meny granulated cells of
the vesicular type had been différentiated}in the dorsal
and central parts of the PPD (Fié. 71); Cytoplasmic |
vesicles in these cells'were relatively uniform in size,
but a few of them were'extraordiﬁarily lérge on some oc—

casions (Fig. 72). Small granules of 150-300 nm in size
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and large globules of 400-600 nm in size were few in
number, the Golgi apparatus éppeared to be moderately
active, and rod-shaped mitochondria were few in number
in these cells; The globular cells in the fish were
almost similar in structural features to those observed
in the previous‘stage; |

In yearling males samp1ed during the period from
April to August, ranging 7.0-8.0 cm in body length and
'2';6';-3;5. g ‘in body weigh’c, germ cell cysts in various sP'eir'—-
‘ﬁatogenetic stages weré”present in their festes, and a
'Varying amounts of spermatozoa were élways accumhlated in
éxpanded lumina of testicular lobules; In the PPD of
these fish, the vesicular cells showed little change
when comﬁared with those of the ﬁreeéding period (Fié;
~73). In the cytoplasm of these éelis;;small granules
were attained 150-450 nm in size and 1arge globules were
measured 500-800 nm in size (Flg. 75). Cytoplasmlc vesi~
cles of the cells were unlformly round in shape. Tbe
Golgl apparatus was moderately active. In contrast, the
globular cells became to exhibit a highl& active feature
in harmony with gonadal development (Fig. 73). They were
increased iﬁ siZé and in number, and their small granules,
were clearly inéreésed in number and in size, measurfhg
200-500 nm in diameter, while large globules remained
mbstly unchanged in number and in electron density; The
rough endoplasmic reticulum of these cells was composed

of flat or small vesicular cisternae, and was scarcely
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dilated (Pig. 74). The Golgi apparé.tus was highly ac-
tive in the cells, “

- In September, males measuring 8.5 cm in‘body length
and 4.3 g in body weigh'tv‘had already been pc;tentiate'd to
discharge the milt when strippéd. In these fish, most
of‘the'globulér cells of the PPD reveaied degeﬁerative
changes just like those found in females after spawning
(Pig. 76). The nucleus of the cells was of ifregular
shape and wag_conspicuously dense, Their cyt0p1a$mic
organelleé appeared to become condensed and indistiﬁct
(Pig. 77). 1In the_yeéicular cells,'howéver, such degen-

“erative changes were never detected, 'and were seen to be
similaﬁ“in feature tq'those observed in the preceding
period. Their characteristic cytoplasmic vesicles were
relatively uniform in size, and their granular inclusions
remained to be few in number (Fig. 78);

Changes in the relative amount of the globular_and
vesicular cells in.the PPD of the pituitary gland of thé
loach during‘thefcourse of'gdnadal development were sum—
marized in Text—fig..Z. The relative amount of the cells
was estimated bylcounting the whole number of glandular
cells occurring in mi@sagittal sections‘of.the PPD and
v'calculating the perceﬁfage of the»appearanée df each

types.

(2) Changes‘during:the'répréduéfiVé‘cyclé'éf:adulﬁ‘ldaches‘

'The gonad of adult loaches changes its weight
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Text-fig. 2. Changes in the relative amount of the globular
cells (®) and the vesicular cells (O) in the pituitary
gland of female (lower side) and male loaches .(upper side)
during the course of gonadal development. 0G, oogonium.
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‘stage. Mean & SE. o ' N ' -

49



annually in harmony with its maturational state. The
change of gonadal weight is shown in Text-fig. 3 in
which gonadal weight is expressed in terms of the gona-
dosomatic index (GSI: gonad weight X 100/body weight);
For convenience,_in the present Stﬁdy,-six‘sequential
stages (I-VI), whﬁch'were composed of two successive
months each, were sef;through the year. 'Cytological
changes of the gonadotrophs of fhe,lbach were examined
in each of the six stages of a reproductive cycle using
‘adult femalés and males larger than 9;5 and 8;3 cm in
body length, respectively.
a) Females

In the stage I (January and February), ovaries of
adult females had many oocytes in the primary yolk stage
or iﬁ the yolk vesicle stage. In pituitaries of these
fish, a considerable number of the vesiculér cells wére
found in the PPD (Fig. 79). Their characteristic cyto-
plasmic vesicles were relatively small énd uniforﬁ in
size. In_their cytoplasm, both small granules and large
globules were few in number, and the Golgi apparatus was
rarely observed‘(Fig. 80). The globular cells in these
fish were a few in number (Fig. 79). Their small gran-—
ules were few in number and small in,sizé, measuring
100-400 nm, and large globules were low in electron den-
"s8ity. The rough endoplasmic reticulum was dilated
slightly, and the Golgi apparatus was sparse in theée

cells (Pig. 81).
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In females sampled in the stage IT (March and April),
there were many oocytes advéncing to the primary‘and
secondary yolk stages in their ovaries. in these fish,
the globular cells were increased slightly in number and
in size to exhibit some active features (Fig. 82). ﬂhé
number of small granules in these cell were slightly
increase&, while large globules remained‘ﬁnchanged in
number but became‘ﬁore:electron‘dense. Cisternae |
of the rough endoplasmic reticulum were not dilated,
being composed of irregular vesicles of flattened lamel~
1ée. The Golgi apparatus.appeared to be moderately
active (Fig. 83). On the other hand, there were little
structural changes in the vesicular cells in these fisﬁ.
Cytoplasmic vesicles of the cells were 1arger in size
than before, but were still uniform in shape. Both
small granules and large globules were still in a small
number, The Golgi apparatus was rérely observed in the
cells (Fig. 84). |

Adult females killed in the stage III (May and June)
. had ovaries with many oocytes in the secondary and ter-
tiary yolk stages. Inrpituitaries of these fish, the
giobular éells were observed to have clearly increased
in number and in size with an e&identvincrement of their
granulér conteﬁts (Fig. 85). In their cytoplasm, small
granules‘were increased. evidently in number,‘while large
globules remained unchanged in structural aspects. It

. was notable in this stage that cisternae of the rough
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endoplasmic reticulum became dilated irregularly through-
out the cytoplasm. The Golgi apparatus was highly ac-—
tive around which immature granules appeared frequently'
(Fig. 86). On the other hand, only a slight change
occurred in the vesicular cells in these fish. Cyto-
plasmic vesicles of the cells were relatively uniform
‘but smaller in size than those in the previous stages.,
‘Granular inclusions of the cellé remained almost un-—
change&; though large globules were seen to be somewhat
high in electron density. The Golgi apparatus was -
slightly active in the cells (Fig. 86). | |

In the stage IV (July and August), loaches were at
the peak of their spawning period.' In pituitaries of
the females which had 6vula1:ed, the globular cells dis—
played remarkable changes (Fig. 87). These cells were
shrinked éonsiderably among other glandular cells;‘and
their cytoplasm as well as their nucleus was quite ir-
regular in contour and unusually electron dense. In the
dark cytoplasm, large globules tended to gather in groups
and small granules were clearly decreased in number,
The rough endoplasmic reticulum was dilated to various
extents and contained materials of moderate electron
density. The Golgi apparatus was 6bchre in the cells
(Fig. 88). In contrast, such a remarkable change was '
never detectable in the vesicular_cells,(Eigs. 87 and
88).. Their cytoplasmic vésicles were still small in

size. Although small granules were almost unchanged in
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numbef, large globules became rarely observed in the
cells., The Golgi apparatus was somewhat active in |
features in the vesicular-ceils.

In adult females collected in the stage v (Septem—
ber and October), ovaries had many pbétovulatory folli-
cles together with yolkless odcytes; In these fish, al-
 though some of the globular cells occurring in the PPD
were still in the degenerative phase as mentioned above,
others became regranulated with many -small granuies aﬁd
a few large globﬁies iﬁﬁclear gytdplasm (Figé. 8§ and
91), possibly indicating a recovery from functional ex~
haustion. On the other hand, thé}vesicularucells were
éeen to be laﬁger in size and in number than those in
the previous stages (Fig; 89); They contained cytoplas-—
mic vesicles which were evidently larger in size than =
those observed in stage IV. Small granules in their
cytoplaém were relatively abundant and existed in groups
.among the dilated veéiclés, while 1argévg10bules were
still few in number. The Golgi apparatus was moderately
‘active (Fié. 90). '

In the stage VI (November and December),'ovafies of
adult females had some postovulatory follicles and many |
'oocytes of the yolk vesicle stage; In the pituitary
gland of these fish, although globular cells had mostly
been recovered to show distinét regranulation, they were
Still’few in number as those found in stage I (Fié; 92),

and their rough endoplasmic reticulum and the Golgi
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apparatus were poorly developed (Fig. 93). The vesicular
cells exhibited, however, some active features (Fig; 92);
.Their'Cytoplasmic vesicles were rather'uneven in size,
and some of them were aﬁypically dilated (Fig. 93);~
Small granules were clearly diminished- in number and
large globulééﬁWere scarceély detected in these cells: 
b) Males o |

'Adﬁit‘males sampled in the.stage I had testes with
a large émduntuof s?ermatoZoa'bésides a few spermatogo-
nia, primary spermatocytes and Spermatids; Tn.pituita;'
ries of these fish the globular cells were pbserved to
be in an inactive state (Fig; 94); The nucleus of the
'éells‘waé irfegﬁlér in contour and electron dénse;
Their granular inclusions mounted ih concentrated cyto-
plasm were relativélf”smail in amounf.‘ Cisternae of the
rough endoplasmic reticulum were dilated to some extents,
and the Golgi apparatus was scarcely detected (Fig.z95).
On the other hand;‘the vesicular cells Were seen to pre-
sent some active features: some of their cytoplasmié
vesicles showed a'cleér hypertrophy, small granules wére‘
relatively few in number, and large globules were rarely
~ present (Fig. 95). The Golgi apparatus of these cells
was moderately active. -

'In testes of adult males sampled in the sfage 11,
spermatogonia were clearly increased in number Wheréas
mature spermatozoa were reduced in'amdunt. In the bitur

itary gland, the globular cells became loaded in expanded
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and clear cytoplasm with smali granules of 100-300 nm,
~which were much smaller in size than those in the other
stages, and with large globules of 400-600 nm in size
(Pigs. 96 and 97). The rough endoplasmic reticulum con-—
sisted of flat cisternae énd was never. dilated. The
Golgi apparatus waé moderately active, The vesicular
cells in these fish revealed, however, only a slight
change in the sizg Qf cytoplasmic vesicles which becéme
‘%o be relatively uniform in size (Figs. 96 and 97); |
In the stage III, testes of adult males contained
many cysts of spermatocytes, spermatids énd spermatozoa
together with a decreased number of spermatogonia. In
their pituitaries,‘the globular cells were observed to
become numerous and hypertrophied (Fig. 98), and small
granules in the cytoplasm were-evidently increased in
number and in size; measuring 200-500 nm in size, Large
globules also became augmented in size to 600-1200 nm.
Cisternae of the rough endoplasmic retiéﬁlum'were not
dilated but remained flat. The Golgi apparatus appeared
to be highly aétive in feature (Fig. 99). On the other
hand,_no notable struétural changes were observed in the
vesicular cells iﬁ these fish (Figs. 98 and 100).
Adultvmales killed in the stage IV at the peak of
their breeding activities, had testes in which germ cell
cysts at various spermatoéenetic stages were present
along with a large amount of‘Spermatogoa accunulated in

_ 1obule lumina. In the pituitary'gland, the‘globulaf
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cells seemed fo be highly active (Fig. 101). Cisternae
of their rough endoplasmic reficulum wefe dilated to
form an irregular vacuolar system (PFig. 102). Small
granuleé in these cells were larger in amount than those
in the previous étage, and large globules appeéred to be
high in eiectron density. The Golgi apparatus was still
active in these cells. In contrast, the vesicular cells
showed only slight changes in that a few of their cyto-
plasmic vesicles, which were mostly uniform in shape, ”
were extrabfdinarily large on some occasions (Fig. 103);
Tn the stage V when breeding of the loach had al-
most ceased, testes of adult males had arlargé amount of
spermatozoa in widely expanded lobule lumina, though a
small number of cysts of spermatocytes and spermatids
- still existed in testicular lobules. In the pituitary
gland, the globular cells were decreased prominéntly in‘
size and in number,_displaying sSome degeneratiﬁe fea-
tures (Fig. 104). In their cytoplasm which showed
shrinkage and was high in electron density, small gfan-
ules were cleariy diminished their number, while large
globules were seen less electron dense though_they
remained unchénged in number. The rough endoplasmic
reticulum was reduced in amount and never dilated (Fig.
105). The Golgi apparatus were hardly detected -in |
the cells. 'On‘the other hand; the vesicular cells were
quite similar in feature to those‘OBServed in the pre-~

ceding stage, except that large-cytoplasmic vesicles

57



appearing in the previous stage did nof occur and small
granules were somewhatb iﬁcreased in number in these
cells at this stage (Fig. 106). |

In adult males collected in the stage VI, & small
ﬁumber of first'spermatocytes wefe present in their
testes‘together with a few spermatogonia and many sper-
matozoa. In pituitaries of these fish, the globular
cells were obsepved.étill to be in a regressed state
(Fig. 107). The cells were quite irregular in contour
and had darkly concentrated cyfoplasm. Their nucleus-
-was much electron dense and irregular in shape, Small
granules, and large globules as well, in the cytoplasm
were: few in number, and cisternae of the rough endoplas-—
mic reticulum were slightiy dilated (Fig. 108); - The.
vesicular cells were observed to increase in size and in
number (Fig. 107). Their cytoplasmic vesicles were rela-
tively uniform but slightly reduced in size. Small gran-
ules in the cytoplasm tended rather to be accumulated in
groups, and large globules made their appearanée in the

cells of this stage (Fig. 109).

(3) Gonclusion

Text-fig. 4 shows results of morphometrié studies
by a modification Qf“Weibei's (1969) point-counting
‘method on electron microgfaﬁhs of the two types of
pituitazy-gonéddtrophs.in the loach., Fro@ the figure,

quantitative changes of rough“endoplasmie reticulum

58



- 60

A0

% area

. 20..

T it 11t I ¥ VI
- (JrF) '(M’A) (M J)' (J A) - (5,0) (N,D)
: N CALENDAR MONTE.‘ |

Text*—flg. 4. Fluctuat:.ons in the number- of small granules
- (A) and in the relative area of rough endoplasmlc '
reticulum (B) in 'l:he globuler cells (e anam) zna
the vesicular cells (O andO) of female (-——) and male .
(———) loaches durlng the reproductlve cycle ‘Mean ¥SE.

59



and small (éecretory) granules of these cells observed
during the course of annual réproductive cycle are

%o be seen. Tt is concluded that the globular and
vesicular cells of the loach have their"respectivé gona—
dotropic poten01es in dlfferent phases’ of the reproduc~
tive cycle. The globular cells dlsplayed a notable in-
crease in size and in number in hqrmony with progressxve
maturatlon of the gonads in the loach of both sexes, The
cells revealed a conspicuous depletion of small granules,
extensive dilation of the rough endoplasmic reticulum,
and subsequent pycnotic changes of the nucleus in the
females and males following ovulation and spermiation.
In the 1oach, the globular cells may secrete a gonado—
tropin which promotes gonadal changes ebhcerning ovulation
and spermiation; The vesicular cells in the loach made
thejr”first appearance in the PPD concurrently with the
‘appearance of the éign of exogenous vitellogenesis in
ovarian°6oéytes or with‘the formation of spermatocytes
in the testis; Durlng the advancement of vitello-
gene31s and spermatogene31s, the vesicular cells did not
show any consplcuous chanbes. The ves1cular cells‘ap-
peared to‘become active again; a few month after the
-spawning period, before eXogenous'vitéllogehesis in
ovarian ooéytes and spermatogénesis in testes had taken
place; Therefore,'the'vesiculaf'célis may secfete,?;
.gonédbtropin which ié implicated in the onset‘of vitello~

genesis and spermatogenesis in the loach.
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4. Experimental modifications of gonadotropic cell function

It seems reasonable to consider that the globular .
cells in the pituitary gland of the loach may correspond
to conventional gonadotrophs. The globular cells are |
conspicuous for their characteristic respdﬁses to gonado-
tropin releasing substances, gonadectomy and sex steroids,
Moreover, the celis'exhibit noticeable changes in clear
association with gonadal maturation in the loach of both
sexes. On the other hand, there are still some unclear
‘problems‘in gonadotropic function of the vesicular cells,
The vesicular cells also responded to the above-mentioned
eiperimental treétments, but the responses were ndt as
clear as those of the globular cells., The vesicular
cells seemed to become.cytologically active concurrently
with the appearance of oocytes of the yolk vesicle stage.
iﬁ ovaries and first spermatocytes in testes, and showed
little‘change during the advancement of vitellogenesis
and spermatogenesis;

In an attempt to make the function of the vesicular
cells clear, some further experiments were carried out
using adult and juvénile loaches of both sexes., First,
in order to promote vitellogenesis and spermatogenesis
in the gonad, the fish were exposed to continuous light
during the out—of—breeding sSeason. Second, a starvation
treatment was conducted to induce a gonadal regression.

Third, to acceleraté differentiation of the vesicular
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cells in the pituitary gland of juvenile loaches, the
fish were treated with sex stéroids or humen chorionic

gonadotropin (HCR).

(1) Effects of continuous light:

‘ Since the“spawning period of the 1oach iS‘tﬁought‘td ‘
cover about 3 months from June to August, the.fiéh is
-considered to belong to. the<so-éa11ed 1ong-day'type. It
is expected therefore, that a 1onﬁ photoperiod in oﬁt—

f—breedlng season can’ 1nduce gonadal development in -
the loach through an aetlvatlon of gonadotroplc functions
“of their: pltultarles,

Thirty—two adu_;t males and females, 8.5-12.5 om in
body length and 4.0-13.2 g in body weight; and 30 young
fish of both sexes, 6.5-8.5 cm in Body length and 1,8~
3.5 g in body weight, were collected in late August when
they‘were at the end of the spawning period; They were
subsequently kept in glass aquaria with well-aerated
‘ 0.6%'Nacl solution and were fed daily on commercial fish
diet. The gxperiment lasted $6r 60 days from September -
1 to October 31, 1979. Af the 'start of'experiment, 15
fish of both sexes were saprificed for initial confrols.
Another group of 24.fish was exposed to continuOus light
in a_room‘where room temperature was ranged from }8 to
22°C. The other group of 23 fish, which served as con-
trolé, were kept'under naturalvlight and temperatﬁ}e

‘which ranged‘about 15-20 ‘. Fish of the experimental
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and. control groups were killed 30 and 60 days after the
start 6fftreatment; “ .
Changes'in GS; of fish of the control and experi-
mental group were indicated in Text-fig. 5. Adult fe-
males of the initial control group had ovaries with many
4.p6stoVulatory follicles and yolk-laden, atretic oocytes,
In ovarles of young females of the initial control group,
the most advanced oocytes were at the perl—nucleolus
stage. Both adult and young males of the initial con-
trol group had testes’With germ cell cysts in various
sPermatogenetic stages including only a small amount .of
mature spermatozoa in lobule lumina. No significant
difference was found in GSI vélues between thé ihitial
control fish and the control fish examined after 30 days
of experimenﬁ; Following 60 days of experiment,; GSI |
values of control females and males were decreaced slight-
lye 6varies of adult females showed only a slight advance
in development, the most developed oocytes being in the
primary yolk stage, those of young females still had oo-
cytes in the peri-nucleolus stage, and testes of adult
and young males were not different in histologicél as-
pects from those observed at the start of experiment.
Exposure of the fish to continuous light obv1ously
rcaused a development of the gonad in both sexes., In
:the treated fish, GSI values were only‘sllghtly '
‘higher after 30'daySJof-treatmeht, buf‘evidently higher

‘after 60 days when compared with thbsé of the control
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fish (Texf—fig. 5). Histologically, ovaries of treated
_females were filled with many ooéytes up to the
secondary yolk and tertiary yolk stages after 30 and 60
days of the light exposure, respectively. In ovaries of
young females exposed to continuous light, oocytes of
the yolk vesicle stage were clearly increased in number,
and sometimes oocytes of the primary yolk stagé were ob-
served to appear on 60 days of the treatment. Testes of
adult and young fish revealed conspicuous acceleration
_ of.spermatOgenesis and enhancement of‘SPerm content
under the condition of constant light, though the changes
were more remarkable after 30 days than éfter 60 days of
treatment. ~
In pituitéries of adult females and males of the

control groups, the globular cells were seen to be in-
active cytologically (Fig. 110). Some of the cells dis-
played degenerative aspects with pycnotic nuclei and
darkly cencentrated cytoplasm. In others, many small
granules and a few large globules wére present,‘ahd
flat cistermae of the rough endoplasmic reficulum
were found scattered throughout the cytoplasm (Fig. 111).
In contrast, in the vesicular cells df these fish, chaﬁ—
acteristic cytoplasmic vesicles with contents of moder—

ate: electron density showed a dilation to varying de-
grees, which was suggestive of‘activated fuﬁctions of
these celis. The cells contained.a few large globules

and relatively many small granules together with
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moderately active Golgi apparatus in the cytoplasm (Fig..
111).

- In young females of the. control groups, a few glob-
ular cells were present but the vesicular cells ‘were
never detected to exist in the PFD (Fig. 112). The two
kinds of granﬁlar inclusions of the giobular 6élls were
observed to be fewer in number than those in the cells
of adult feﬁales. The rough endopiasmic reticulum of
the célls was composed of flat or small vesicular cis-
ternae, and the Golgi apparatus was moderately active
(Fig. 113).. In the PPD of young males of the control
group, however, both the globular and vesicular cells
had already existed (Fig. 114); The globular cells ap-
peared to be the same in aspects as those of young fe-
males of the same group. The vesicular cells sometimes
had large cytoplasmic vesicles (Fig. 115). Small gran-
ulés were present, but large globules were not obéerved
in these cells. The Golgi apparatus Were’scarcely de-
tectqd.‘

in adult fish of both sexes exposed to continuous
light for'30 and 60 days, the globular cells were in-
creased in size and in number (Fig. 116). Their gran-
ular inclusions were also inbreaseq in number, and large
globules wéré filled with finexy-granulated material of
decreased electron density (Fig. 117). Cisfernae of the
rough endoplasmié reticulum became dilatedvconspicuously

and the Golgli apparatus appeared to develope 60 days
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after the treatment (Fig, 118),., The veéicular cells

also showed notable increases both in number and in size
in males and females subjected to the treatment, and

- their hypertrophic changes were more prominent than
those of the globular cell, Moreover, "there were some
structural differences in the‘vesiéular cells between
females and males éffected by continuous light In fe-
males afiter 30 days of constant 111um1nat10n, cytoplasmic
ves1cles of the cells were relatively unlform in size,
small granules were increased clearly in number, and
large globules were scarcely detected (Fig. 120). In
males, however, some cytoplasmic vésicles were extra-—
ordinarily large in size and occupied most of the cyto-
plasm of the cells (Figs. 119 and 121). Sixty days
after treatment, cytoplasmic vesicles of the vesicular
cells in females were further increased‘in volume, and
small granules were greatly decreased in number (Fig.
122). 1In males, on the cbntrary, the size of the cyto-
plasmic vesicles became to decrease a.little,.and large glob-
ules begah to appear in the cytoplasm (Fig. 123).

Similar but less conspicuous structural changes were
observed in the globular cells of young males and females
treated with continuous light for 30 and 60 days. The

globular cells increased in number and in size, and show—
ed some activated features (Fig. 124). Even after 60
days of treatment, the dllatatlon of the rough endoplas—

mic: reticulum was less in degree, and granular inclusions

6T



in the cells were fewer in amount than those in the glob-
ular cells of adult fish (Fig. 125). On the contrary,
in the PPD of the pituitary gland of treated females
after 30 days of treatment, a small number of the vesi-
cular cells began to appear (Fig. 124). The cells were
rich in cytopiasm and contained many small cytoplasmic
vesicles. Their granular inclusions were few ih number;_
The Golgi apparatus seemed to be highly active (Fig.
126). In young females killed after 60: days of treat-
ment, the V¢Sicular cells were increased clearly in num-
ber and ih size, and their cytoplasmic ﬁesicles were
evidently larger in size than thoée in the cells observ-
ed after 30 dayé.of treatment (Fig. 127). Small gran—
ules and large globules in their cytoplasm still remain-
ed undhanged in ﬁumber. The Golgi épparatus was scarce-
1y found in the cell.

The vesicular cells in young malesvaffected by the
treatment for 30 and 60 days showed no progressive
change,. though their cytoplasmic vesicles were larger in
size than those of control males, and large globules be-
gan to appear (Fig. 128). The Golgi apparatus of these

cells were seen to be highly active.

(2) Effecté'Of‘starvatiOn

Generally speaking, complete starvation of fishes
is known to cause a suppression and regression of ovar-

‘ian maturationvthrough'an inhibition of gonadotropin
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release from the pituitary gland. In order to examine
the change of pituitary gohadotrophs under such a condi-
tion, 24 ioaches of 7.7-12;9 cm in body length and 2.3-
11.7 g in body weight: were divided into experimental
and control groups each consisting of 6 females and 6
males., The experiment was carried out from July to.
September 1979. Both groups of the fish were kept in
separate glass aquaria with conétantly aerated 6;6% NaCl
solution under natural light and temperature. Twelve
fish of the experimental group were fasted completely,
and were killed after 30 and 60 days of starvation. The
other lZ'fish of the control group were fed on commer-—
cial fish food once a day, and were sacrificed 30 and 60
days after the start of experiment.

Weight of ovaries and testes in tefms of GSI varied
largely according to individual fish of both experimen-
tal and control groups especially on 30 days of experi-
ment, probably because the expériment was carried. out
during the active breeding months (Text-fig. 6.),
However, GSI values of females starved for 60
days were admittedly 1owef than those of assoéiated con-
trol females and of starved females on 30 days of experi-
ment, Histologically,‘in ovaries.of control females on'
60 days of experiment, there were still many oocytes in
the secondary and.tertiaﬁy yoik stages together with a
few yolk-laden oocytes which were undergoing degenera—

tion. In confrast, ovaries of females starved for 30
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and 60 days were filled with many degenerating yolky
oocytes, In testes‘of control males, germ cell cysts in
- various spermatogenetic stages were still present after
60 days of experiment, while iﬁ'those of starved'males
a large amount of spermatozoa and some' spermatogonia
were the exclusive constituents after 30 and 60.days of
starvation. |

The pituitary gland of coh%rol,males and females
contained many globular and vesicular cells (Fig. 129).
The globular’cells had'many electron dense small gran-
ules andla‘few, less electron dense, large globules in
the cytoplasm. The rough endoplasmic reticulum consist-
ed of flat or slightly dilated cisternae. The Golgi ap~
paratus was moderately active in the Eells (Fig. 130).
Some of the globulér cells in control fish began to ex-
hibit regressive features after 60 days of experiﬁent.
The régreSSed cells showed a shrinkage, becoming‘irregu—
lar in contour with condensedfgytoplasm and pygnotic'
nudleus, and their granular inclusions also revealed
degenerative aspects (Fig. 131). The vesicular cells of
control maleé and females had a few small granules and
large globules, and their cytoplasmic vesicles were rel-
atively uniform in size containing moderately electron
dense contents (Figs. 130 and 131). The vesicular cells.
in the control fish did not show any notable changes
during the experiment.

Contrary to expeétation, the starvation treatment
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provoked rather slight modifications in both the glbb-
ular and vesicular cells of the loach of both sexes. In
the globular cellé, aiSIight-increase in nu@ber 6f +he -
small granules and a slighf'decrease in amount of %he
rough endoplasmlc reticulum was observed on 30 days of
starvation, and these changes became more pronounced
after 60 days of the treatment (Fig. 132). Iarge glob-
~ules in these cells remained unchanged in number; but
became more electron dense. The Golgi apparatus was
scarcely detected, and mitochondria were seen to bei
small in size (Fig. 133). |

In the vesicular cells, too, functional alterations
were‘indistinct in ultrastructural figurés of granular
inclusions and cytoplasmic vesicles, though large glob-
ules became rarely observed in these cells after 60 days
of complete starvation. The Golgi apparatus and mito-
chohdria were scarcely found in the cells (Fig. 134,;

.........

(3) Effects of HCG and of sex steroids on ;_yerlle '1oaches

In the pituitary gland of juvenile loaches of both
sexes, glan&ular cellé of the globular éell type existed
in the PPD, while those of the vesicular cell typé were
‘indiscernible, Geﬁting a clue to know the nature of the
vesicular ceils, attempts were conducted to induce cyto-
logical differentiation of the vesicular cells in the |
juvenile fish. The induction of differentiation of pitu—‘

itary gonadotrophs in immature fish has been observed

T2



under influences of mammalian gonadotropin (Yamamofq and -
Nagahama, 1973; Yamamoto et al., 1974) and of sex ster-
oids (van Overbeeke and McBride, 1971; Olivereau and
Chambolle, 1978; Olivereau and Olivereau, 1979a, b). |
'In the present study, the effect of human chorlonlc |
gonadotropln (HCG) and of sex ster01ds on the pltultany
gonadotrophs were examined in guvenlle loaches.
“a) HCG | | |

TWelve juvenile loaches, ranging 5.6-7.1 cm in body
1ength and 1,1-1, 9 g in body welght were divided 1nto
eﬂperlmental and control groups each consisting of 2 n
'males and 4 females. The experiment was carrled out in
July and August 1978, They were raised in sepérate
glass aquaria with constantly aerated 0;6% saline solu~-
tion under natural light and temperature which ranged
from 18 to 22°C. They were fed on commercial fish food
once a déy. Fish of the experimental group were injecﬁﬁ '
ed intraperitoneally with 100 IT of HCG per fish every
fifth day for 30 days. Fish of the control group were
injected with 0.6% NaCl only. |

No significant difference was found in values of
GSI between the experimental and the control fish of
both sexes: mean GSI values were 1;49 for experimental -
.femaies, 0;33 for experimental males, 1.41 for control
females}and 0.21 for control males, Histologically,
‘Signs of a stimulation of germ cell developmeht.could

eearcely’be detected both in ovaries and in teStes. In
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affected ovaries, occytes in the peri-nucleolus stage
were the most advanced. ones as in ovaries of control
fish, In testes, presence of germ cell“cystS'in
various spermatogenetic stages and a small amount of
sPermatozoa was -the common feautre in both experimental
and control males. |

In pvtultarles of control females, there were a
few globular cells but not +the ve51cular cells (Fig.
135). The globular cells had many small granules of
100-400 nm in size and a few large globules of 500-1000
nm in size. .  Among these granular inclusions, flattened
cisternae of the rough endoplasmic reticulum were dis—
tributed (Fig. 136). The Golgi apparatus was poorly
developed., 1In pituitaries of control males, on the
other hand, both the globular and vesiculer cells had
already existed (Fig. 137). The vesicular cells contain—
ed a few small granules and no large globules, and their
cytoplasmic vesicles were relatively unifcrm in size.
The Golgi apparatus was rarely observed; and a few elon-
gate mitochondria were present in the cells (Fig. 138).

In females examined after 6 injections of HCG, a
few vesicular cells, which were not present in the pitu-
itary gland of control females, were present in the PPD
of their pituitaries (Fig. 139). Small granules in
their cytoplasm were seen to be accumulated in groups,
and large globules also appeared 1nterm1ng11ng with

small granules (Fig. 140) Moderately active Golgi

74



apparatus and rod-shaped mitochondria were also encoun-
tered in the cells. In female pituitaries influenced
by HCG, the globular cells showed notable 1ncrease in -
nuitber of small granules, and the rough endoplasmlc re—
ticulum containing electron translucent contents was
dilated to various degrees. The nuclei of the cells
became much electron dense (Fig. 140). The Golgi appa-
ratus and elohgatéd mitochondria wefé sometimes detected
in the cells.,

In the globular cells of treated males, small’gran—
ules wefe increased in amount as in those of treated.
femalés. In these cells, however, a dilatation of cis<
ternae of the rough endoplasmic reticulum was less in
degreé:than that found in the globular cells of treated
females, and pycnotic changes of the nucleus did not
occur (Fig. 141). The vesicular cells in mélé fish were
seen to become moré active following the HCG treatment.
Many of their cytoplasmic vesicles were evidently larger |
in size than those in the cells of control males, and
the Golgi apparatus and mitochondria were slightly acti-
vated (Fig. 14.2).

b) Sex steroids

Forty-six juvenile loaches'of both Sexes; measuring
4.2-6.0 cain body length and 0.6-1.2 g in body weight,
were collected in October 1979, and were divided into 2
_experimental and‘l controllgroups. They were kept in

separate glass aquaria with constantly aerated 0.6%
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saline slolution at 15-18 °C under natural light condi-
tion; Steroid hormone treatment was carried out by
feeding a hormone-contéining diet daily to juvenilea
loaches of the experimental groups; Both testosterone
and estrone were dissolved previously in 95% ethyl alco-
hol and added to the food at the dosage of 50 pg pef g diet.
A diet for conmtrol fish was 31m11ar1y prepared by addlng
the same amount of ethyl alcohol to the dlet Aguarium
water was changed generally once a weak Each 3 o 5
fish were killed from both the experimental and
control groups at a time, at 10, 20 and 30 days of
treatment, | ) ) o |

Gonads of control fish were very small in size and
quite immature in hiétélogy: the maturify of the gonad
was the early peri-nucleolus stage for ovaries and the
spermatogonial stage for testes; Neither testosterone
nor estrone could promote germ cell development in the
gonads of both sexes at least by the treatment for 30
days; - |

In the PPD of the pituitary gland in both sexes of
‘control fish at: the end of experiment, a small number
of the globular cells‘were present together with many
somakotrophs, thyrotrophs and nonygranulaﬁed cells (Fié,
: 143); No typical cells of‘thevvesicular cell type could
be‘detected in the'PPD; The globular cells wefe small
in size and had many small, electron dense granules of

100—300 nm in size along with a few large, less electron
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dense globules of 400-600 nm in size; The rough endo-
plasmic reticulum was composed of flat cisternae. The
Golgi apparatus and mitochondria were poorlj developed
(Fig. 144) | |

- Following the testosterone treatuent for 10 days
the globulan cells of the treated fish of both
<sexes were observed to have slightly increased in num-
ber (Fig. 145)' Thelr small granules were also increas-—
ed in number (Flg. 146) In these fish, some cells of
the ve51cular cell type made thelr appearance in the
‘dorsal part of the PPD (Flg. 14,). These cells contalﬁ—
ed only a few minute granules of 50-150 nm in size, and
the‘rough endoplasmic reticulum was composed of round or
elongate vesicular cisternae which always contained
material of low electron density; Well-developed Golgi
appafatus and rod-shaped mitochondria eccurred in the
cells (Fig;‘l48). After 30 days of testosterone treat—
ment, the number of globular cells showed a pronounced
‘increase (Fig; 150);-_Their~small’granules became large
in amount and in size, attaining to 200-400 nm, while
llarge globules remained unchanged. Cisternae of the
rough endoplasmic retic@lum were often observed to be
dilatedt The Golgi apparatus was moderately active, and
some elongated mitochondria were present in the cells
(Flg. 151). The ves1cular cells were increased 1n num-
ber in the fish affected by testosterone for 20 and 30

days. Their small granules were increased in number and
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in size to 150-350 nm, but large globules were not de-
tectable yet. The cytoplasmic vesicles were relatlvely
uniform in size and round in shape (Flg. 149).

Estrone treatment exterted conspicuous influences .
on the globular cells of juvenile loaches "of both sexes as
was the case for testosterone treatment (Fié. 152);
Thirty days after the start of treatment, tﬂe globular
cells were clearly increésed in_size énd in number, and
shoWed progfeésive dilation of cisternae of the rough
‘endqplasmic reticulun (Fig. 153); Their small_granules
were larger in size than those of control fish, measur-
ing 200—400 nm in size, and their number was increased
remarkably;‘ Large globules tended fo augment their sigze
attaining to 500-1000 nm in diameter.” The Golgi appara—
‘tus appeared to be very active, and mitochondria were
seen to be much eniérged in size.

In contrast to testosterone, estrone could not in-
duce a cytologlcal dlfferentlatlon of the ve31cu1ar ,
| cells in the pituitary gland of juvenile loaches of both
sexes at the end of éxperiment; However, some cells,
which had only a few small granules of 100-300 mm in
size and large globules of 400-600 nm in size in their '
cytoplasm, were observed to occur in the central part of
the PPD of estrone-treated flSh (Flg. 154). The gran-
ular'lnclus1ons was quite similar in size to those of the
vesicular cells whiéh:were caused tc be differentiated by

testosterone in juvenile males. However, cisternae of the
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rough en&oplasmic reticulum was not vesicular but flat
or long lamellated in appeerahce,'the feeture being
clearly different from that of the vesicular cells in

.

the testosterone-treated males.

(4) Conclusion |

In summeﬁy, complete starvatiqn of the loach did
not‘cause evidénﬁ chenges of fhe-globular and vesicular
cells in the pituitary glapd of eitﬁer eex of the fisﬂ;
' On the contrary, expoeure of male and female loaches o
continuous llght was effectlve in maklng the vesicular
,cells display highly active features in assoclatlon with
+the promotlon of gonadal maturatlon. Although the glob-
‘ular cells were also seen to be activated under the con-
‘tinuous light, the change appeared to be less prominen%‘
"than that found in the vesicular cells. Moreover, the
vesicular cells; which were absent in pituitaries of im-
mature young females, made their appearance following
the light treatment ‘The precocious differentiation of
the vesicular cells was also the cases Ffor juvenile'
loaches treated with HCG or sexﬁsteroidse Significance
of these findings will be discussed in detail in a later

' chapter of this paper.

II. Observations in other teleost fishes

1. Salmonid fishes
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(1) Presence of two types of possible gonadotrophs in

several salmonid fishes

General morphological and cytological characteris-

tics of the pituitary gland of chum salmon; Oncorhynchus

keta, masu-salmon, 0. masou, and whitespotted char,

Salvelinus leucomaenis, wefe almost similar to each
'othef; In the PPD, four &ifferént types of glandular
cells were distinguishabie“bf light and electron micro-
scopy. One of these four types of cells encountered
"throughout the PPD was'strongLy positive to orange Gi
and were cdnsidered to be SOmatotrophs; They were o§a1
or sllghtly elongate in shape, and thelr oval nuclei
were eccentrlc in p031t10n (Flg. 155). Ultrastructural—
1y, they had electron dense, spherlcal granules, rangihg
from 150 to 350 nm in dlameter, in the cytoplasm (Flg.
156). The rough endoplasmlc retlculum generally con—
sisted of flat 01sternae oriented randomly. The Golgi
apparatus was rarely seen and mitochondria were few in
number and-mostly elongate in shapé. o

The other 3 types of glandular cells in the PPD
were basophilic in nature. Basophilic cells of the first
type were localized in the dorsal region and showed a weak
affinity to both alcian blue and PAS‘ They were few in
number, small in size, and mostly angular in shape.
They had central nuclei of an indented contourﬂ(Flg.
155); In fine structure, they containeddsmali, round‘or

oval granules, measuring 100-200 nm in size, which were
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the smallest among those found in all granuvlated cells
existing in the PPD; Lamellaféd rough endoplasmic reti-
culum was sparse; In general, the Golgi apﬁaratus and
rod- or round-shaped mitochondria were rarely observed
in the cells (Fig. 156); They were identified as thyro-
trophs; ‘ | . | | "
‘Qf_the other two types of basophils, those localiz-
ed in the centra; and ventral régions of the‘PPD were
stained“intenSely with both alecian blue and PASL Some
of the célls were found also in the prolactin follicles
of the rostral pars distaliS; Their nuclei were irregu—
lar in shape, being concaved complicatedly on some oéda;
sions (Figs. 157, 159 and 161); The cells were éharac-
terized uifrastructurally by the occurrence of a few '
blarge globules in the cytoplasm, 800-1500 nm in dlameter,
along with numerous small granules, 200-400 nm in
diameter (Figs. 158 160 and 162).‘ The rough endoplas—
mic retlculum was dilated to various extents and contaln-
‘ed electron lucent materlal In these ultrastructural
-aspects, the basophlllc cells are falrly identical w1th
those of the "globular" gonadotrophs of the loach de=
scribed in the preceding sections, and w111 be also '
called the globular cells in the following descriptions.

Basophilic cells of the remaining type, whidh were
distributéd exclusively in the central and dorsal parts”
of the PPD, were strongly positive to PAS but almost

hegative to aléian blue. - The nucleus of the cells was
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in most cases oval or elongate in shape (Flgs 157, 159 
and 161) They were rich 1n cyt0plasm whlch'was charac;
teristically loaded by many clear vacuoles, or rounded '
vesicular 01sternae of the rough endoplasmic retlculum.
The CJtoplasmlc vesicles always contained material of
moderate electron density (Figs. 158, 160 and 162). The
cells were also posseséed of two kinds'of granular in-
'dlusions: small granules, méasuring 100-300 nm in diam~
‘eter, Wetg alWays few in numbéf; and existed occasional-
1y in groups in narrow interstices among the cytpplasﬁ(”
vesiciéé; large globulés, ranging 500-800 nm in diame-
ter, were quite a few in numbéf; The cells of this type
may cqrrespond to the "vesicular" gonadodtophs of the
loach, and will be described als as the vesicular cells
in this paper. The size distribution of granular inclu-
sions of the two types of gonadotrophs in the pitui%éry
gland of the salmonid fish is shown in Text-fié. Te

No typical intermediate cell types between the glob-
ﬁlar and‘veéicular cells Wére detectable'lightvand elec—
tron microscopically'in the chum saimbn, the masu salmon
and the whitespotted char as was the case in the loach. These
two cell types were evidehtly'different from pbssible
somafotféphé and fhyrotrophs in fheir ultrastructure as
well as in their staining properties and loealization in
“the PPD',' Prom their light and electron mic:‘c"o"sccp‘ic
‘ characterlstlcs, they are determlned to be 31m11af to those

' identified as distinect types of gonadotrophs in- other
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trophs, the vesicular (vaGTH) and. globular (g-GTH) -

cells, in males (M) and females (F) of salmonid
fishes.
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salmonid fishes such as coho salmon, Ohcorhynchus.kisut—
chi (Chestnut, 1970), sockeye salmon, 0. nerka (Cook and

van Overbeeke, 1972), Atlantic salmon, Salmo salar

(Olivereau, 1976), and rainbow trout, S. gairdneri, and

broﬁh'trput, S. fario. (Olivereau, 1978).

whitespotted char during gonadal development

It has been suggested in the afore-mentioned studies
on the loach that the two types of pituitary gonadofrophs
: may take“their respective gonadotropic part in different
phasés of sexual cycle‘of the fish of each sex; Thus
a study was further extended to,compare the mqrphplogical
results in the loach with those in salmonids and +to
substantiate gonadotrdpic roles played by the two types
of possible gonadotrophs. The whitespotted char; §§lﬁ§~

linus leucomaenis, was used as material for their ease
inculturing and breeding in the pond,

Twoayeér—old females, 20.5-36.5 cm in body 1ength
and 130-620 g in body weight, were sampled 3 fish at a
fime, monthly from October 1977 to April 1978. In ad-
dition, a total of 39 l-year-old fish of both sexes,
16.4-29.4 cm in body 1ength and 65-300 g in body weight,
were also collected during the months from April 1978‘to
September 1978. | |

&) Chenges in female chars

One-year-old females killed in April and May had
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ovaries with many oocytes.in the early yolk vesicle
stage. In these fish, a small nﬁmber of the globular
cells were distributed exclusiveiy in the central part-
of the PPD (Fig. 163).. They contained many small, elec-
tron dense granules of 150-350 nm in size and a few
large, less electron dense globules of 400-1060 nm in
size (Fig. 164). ‘The rough endoplasmic reticulum was
composed of flat or small vesicular cisternae with elec-
tron lucent contents; The Goigi apparatﬁs was moderate—
ly active; and mitochondria were a few in number ana‘
small in size. No typical cells of the vesicular type
could be detected in l-year-old females in this period;
However, there existed some cells with clear cytoplasm
in the dorsal and central parts of the PPD (Fig. 163).
In these cells, cytoplasmic organelles were scarcely
present. These cells were termed non-granulaﬁed cells
as. in'the case of the 1oach; | | ‘

In June; ovaries of female yearlings had‘oocytes in
the late yolk vesiéle stage. Thé globular cells were
observed to bé almost the same in featuresjas those ob-
served in the pfeceding months, Iﬁ these'fish, some
cells with the rough endoplasmic reticﬁlum composed of
rounded vesicular cisternae appeared in the dorsal and
central parté of the PPD (Fig.‘165). In these cells,
graﬁular inclusions were scarcely present'in the cyto~’
plasm, They weré thought to be the vesicular'cells that
had differentiated, during.fhat stage of the life-cycle,
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pPresumably ffom non-granulated cells pre-existing in the
PPD. |

In female yearlings‘collected in July, ovaries had
many oocytes in the primary yolk stage. In these fish,
a considerable number of the vesicular cells were found
in the dorsal and central régions of the PPD (Fig. 166).
They were rich in cytoplasm containing, by light ﬁicro-
scopy, many clear vacuoles which coincided with rounded
vesicles of the rbugh endoplasmic reticulum. The round-
ed vesicles always cohtained material of low electron
density. 1In the vesicular cells, small granules of 100~
300 nm in size‘werevgathered in groups, large globules.
of 500-800 nm in size were few in number, and well-devel—
oped Golgi‘apparatus and'rdd—sﬁaped mitdchondrié appear;
ed in the juxtaﬁuclear region (Eié. 167); The globﬁlaf
cells did not show ény prdminent chénges in their‘struc;
tural aspects in comparison with those observed dﬁring ’
the preceding moﬁthé; |

in feméié yearlings samrled in August and September,
ovaries wére filled with many oocytes advancing‘to'the
'éecondary and tertiary yolk stages. In these fish, the
bglobular cells Were obsefved to‘hQVe increased in num-
ber and in size (Fig. 168). beeover, a few cells of
the globular cell type also eXisted among prolactin
cells iocalized in the rostral pars distalis; In the
cytoplasm 6f the globular cells in the PPD, small gran—

ules evidently increased in size, attaining to 200-400
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nm:(Eig.'l69), and large globules also increased in
size, measuring 800-1500 nm, 'Cistérnaelbf the rough
"enddﬁlasmic reticulum Were‘dilated to variogs exfents
and contained éléctron lucent material; The Golgi appa-
ratus was highly'active, and sometimes immatﬁre granuies
were present Within the Golgi field. On the other hand
no notable ultrastructural changes were observed in the
ve31cu1ar cells whenucompared with those found in female
yearlings collected in July; Dllated vesicles charac-
teristic of the cells were relatlvely unlform in 31ze.

In October, the fish were at,thg peak of the spawn-
ing péribd; In pituitaries of the females with ovulated
eggs in their coelomic caV1ty, the globular cells dis-
played remarkable changes (Flg. 170). Small granules
in their cytoplasm were clearly diminished in number;
and largé globules were seen to bécome more electrén
dense; Cisterﬁae of the rough endoplasmic reticulum
 were dilated extensively so that they occupied most of
the cytoplasm (Fig. 171). On the obher hand, changes
were not significant in the vesicular cells of females
at the spaWning'stage.

Females killed in November and December had ovaries
with yolkless oocytes and many postovulatory follicles.
In these fish; the globular cells displayed pycnotic
changes of the nucleus which was quite irfegular in
‘shape and unusually electron dense (Fig. 172); Large

globﬁles in their cytoplasm were increased in number and
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were obseérved to coalesce w1th one another, becomlng ir-
‘regular in shape (Fig. 173)-. - On the contrary, the vesi-
cular cells were almost similar in structural features -
to those observed in October, never exhlbltxng such re-
gressive changes 1n that postspawnlng perlod
In January, 3 months after “the termlnation‘of 5pawn;

ing perlod ovarles of 2-year-old females came to have
‘many oocytes of the yolk ve31cle stage. In_these fish,
-;although some of the globular cells stlll.reteined a re-
‘gressed state, others became regranulated with small
granules of 150-350 nm in size in the cytoplasﬁ. A few
‘1arge.gl¢buies of 400-1000 nm were also riesenf in these
'cells; The rough endoplasmic retieulum.eonsisted of
fflat or small vesicular cisternae, and the Golgi aﬁpara—
tus appeared to be moderately active in these cells (Flg.
‘176) On the other hand the ve81cu1ar cells were seen
to be larger in s;ze than before (Flg. 174), In these
cells, rounded cisternae of the rough endoplasmie reti-
‘culum were rather uneven in size, and some of them were
atypically dilated (Fig. 175)‘. Small granules in their
cytoplasm were relétively abundant and existed. in groups
aﬁong the dilatea vesicles; while large globules were
'scarcely detected‘in these cells;” Well-developed Golgi
/épparatus coﬁsisting of'minufe vesicles and}a stack of
fléttened'lamellae were notable; -

During the successive months up to April, ovarian

oocytes of 2-year—old fish were maintained in the yolk
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vesicle etage, During that period, no significant al=
terations were observed in the globular Cellse The
vestcular cells regaimed their typical cytological es-~‘
pects in February: roubded vesicles of the bough'endo—
plasmic reticulum became uniform in size and small gran—
ules became fewer in number than those found 1n January.
They stayed almost unchanged during the successive

months.ﬂ

.........

b) Chéﬁgés in male chars

Oneiyear—old males sampled in April and‘May had im-
mature testee’wifh spermatogonia as the sole germinal |
component. In theif pituitaries, there were only a few
globular ieells besides thyrotrophs and somatotrophs in
the centrallpart'of the PPD, as was the case for the
pituitary of‘yearling female chars of the same periodL

In male Yearlings colleeted in June, & small number
of cysts of the first'epermétocytes were present togeth-
er with memy spermatogonia in fheir testese ‘In pitui-
tafies of these fish, a considerable number of the vesi-~
cuiar.eells Were distribﬁfed'in the dorsal and central
parts of’the PPDv(Fig; 177);  Rounﬁed cisternae of the
rough=endoplasmic retieulum in these cells were evident-
ly 1arger in size than those in the cells of females
‘sampled in July (Flg. 178, compare with Fig. 167)

Small granules of 100-300 nm in size and large globules
of 500-800 nm in size were few in numbervln the‘cytog

plasm. The globular cells in these fish were very
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similar in fine structure to those of male chars examin—
ed in fhe‘preceding months.

vDuring the subsequent course of testicular develop-
ment; the vesicular cells displayed_a pronounced de-
‘crease in the size of rounded cisternae of the rough
endoplasmic retlculum, but small granules and 1arge
globules were almost unchanged in number (Flg. 180).

In contrast, the globular cells began to exhibit hlghly
actlve features in harmony with gonadal development.

In August and September, a large amount of Spermatozoa
had accumulated in widely expanded lumina of testicular
lobules in the festis; During these months, small gran-
ules and large globules in the. vesicular cells of the

- pituitary gland were clearly increased in number (Flg.
179), though some of the large globules were seen %o
become less electron dense; In the globular cells, the
rough endoplasmic reticulum was extended o various de-
grees, and the Golgl apparatus was qulte active to form
immature granules (Fig. 180)

In summary, the two distinct types of pituitary
gonadotrophs, the globular and vesicular cells, display-
ed some characteristic ehanges in association with gon-
adal developmenﬁﬁin the whife3potted char of both sexes.
In the pituitarieS‘of immature‘yearlings of each sex, cells
"of the globular type with immature granular inclusions
existed in the PPD, while those of the vesicular type

were indiscernible in that stage of gonadal immaturity.
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The vesiéularlcells made their first appearance concur-—
rently with the beginning of exogenous #itellogeneeisvin
ovarian oocytes or with the development of the first
spermatocytes in testes of the flSh Durlng the course
of subsequent development of the gonads, the globular
cells showed a notable increase both_ih number and in
size, and displayed a degrenulation and a dilation of
endoplasmic reticulum fdllowed'by seme atrophic changes
at the time of SPawﬁiné. On the conmtrary, the ve31cular
cells showed no 31gn1f1cant alteratlons in thelr struc—
ture durlng the latter phase of gonadal maturation.
Thus,-as in the case of the loach, it seems certain that
the tﬁb types of gonadotrophs play different'roles at
dlfferent stages of gonadal development in the salmonld

flSh

(3) Obseréfioh'6ﬁ:g;néd6tfoﬁh’in'the rainbow trout

Some confusing results of observations have been ob-

talned 1n the pltultary gonadotrophs of the ralnbow

“trout Salmo galrdnerl._ Whereas 011vereau_(l978) pre~

sented cytological and cytochemical evidence for the
presence of two types of the cells, Peute et al. (1978)
regarded the_twd'types as different forms or stages of
‘activity'bf a single type of gbnadotroph on the basis of
ﬁltrastructural’findings obtained dﬁring the sexual
eycle ef the fisﬁ:. In order to explain the dlscrepancy,

a careful cytologlcal observatlon was conducted on
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pituitary gonadotrophs in the rainbow trout-which had
been cultured in outdoor ponds contlnuously follow1ng
hatchlng. Three females and- two males, 30.2-35. 0 cm in
body length and 515—845 g in body welght were collect-
ed in March 1979 when they were at the peak of thelr
spawnlng perlod

| In the ralnbow trout of both sexes, contrary to ex-
pectatlon, cells of the ve51cular type were not detect-
-able electron and llght mlcroscoplcally in the pltultaxy
gland , Many basophillc cells, which were strongly posi-
tive to both ‘alcian blue and PAS, were dlstrlbuted
throughout.PPD, and some cells of this type were also
ﬁfound in the rostral pars distalis of the pituitary
gland They were round or oval in shape and thelr au-
cle1 were concaved or undulated in contour frequently
(Flg. 181) The eells contained many small, electron |
dense granules of 200-400 nm in size and a few large,
less electron dense globules of 600-1200 nm‘in.size;
Cisternae of welledeveloped rough,endoplasmic reticulum
were dilated to various extents, and contained electron
lucent materlal The Golg1 apparatus was moderately |
active and rod shaped mitochondria Wefe located.near‘the
Golgi field*(Fig.'182). The cytological characteristics
of these cells corre3ponded falrly to those of the glob-_
vlar cells mentloned already for other salmonid flshes.

On the other hand, some cells whlch showed a weak

affinity to alcian blue and PAS were found intermingled
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among the globular cells‘in the PPD; " They were oval or
elongate in shape and theirfhuclei were irregular in
_fonm. Ultrastructurally, the cells were dev01d of any
granular inclusions., Thelr rough endoplasmlc reticulum
eonsisted of numerous irregularly ves;cular cisternae
containing electron lueent material, and the'Golgi appa—
ratus and mltochondrla were hardly detected in the cells_
.(Flg. 182) The-cells dlffered clearly in these fea-
tures from the vesicular cells of other salmonlds, and
were cons1dered to be cells of the globular type 1n
which granular inclusions had depleted almost completely.
The results may’ suggest that in the rainbow trout
only one type of gonadotroph which corresponds with the_
globular cells in other salmonlds, is present in the |
‘pltultary gland. However, Olivereau (1978) described
the presepce of two types of pituitary gonadotrophs, |
and Peute et a1;;(1978) also found two forms of pitui-
tary gonadotrophs 1n some stages of gonadal development
in the rainbow trout. Further work should be done in “
order to explain the discrepane&vby'ekamining pituitary
gonadotrophs of the fish in various stages of reproduc-

tive cycle.
2. @oldfish

In the goldfish, Carassius auratus, too, some au-

thors suggested the presence of two types of gonadotrophs
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(Ollvereau, 1962 Leatherland, 1972; Leatherland and
Sonstegard 1977) while others could find only one gona-
dotroplc cell type in the pltuitary gland (Nagahama and
Yamamoto, 1969b' Nagahama, 1973; Kaul and Vbllrath
1974). In the present study, 2 adult males and 4 adult ,
femaleé, measurlng 6. 2—10 2 em in body length and 9 1~
39 ,0 g 1n body Welght were sacrlflced in June 1979 when
they were at the peak of the spawnlng'perlod and their
'pltultarles were examined llght and electron mlcroscop1~
vcally for the identification of gonadotroplc cells.-
Pituitary gonadotrophs of the goldfish were stained -
intensely with aldehydé fuchsin in AF‘pfeparation_and |
with alcian blue and PAS in AB-PAS-0G preparation, and
were: found to be distributed throughout the PPD. The
cells were mostly round or elliptical in shape, and
their nucleus was round or oval in shape (Fig. 183).
Ultrastructurally, the cells were characterized by the
presence of two kindé of granular inclusions, i.e. many
small; electron dense.granulés of 200-350 nm in size and
a few 1arge, less electron‘dense globules of 1000-2500
nm in size, The.rough en&oplasmic reticulum was general-
ly compbsed of vesicular cisternae with contents of
moderate electron density. In the matured fish examined,
the. Golgi apparatus was. hlghly active and sometlmes im-
mature granules at the beginning of formation occurred
within the Golgi field. Mitdchondria were mostly oval
or elongate in'shape and distributedlthroughout the
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cytoplasm (Fig. 184).

Thus the pituitary gonadotroph in the goldfish is
provided with :cytological characteristics of both the
globular-and'vesicular.cells ocgurring in tﬁe'loabh:
the gonadotroph of the goldfish resembles the globular
cells in respect to its granular inclusions and is fur-
ther similar to the vesicular cells in the feature of
the fough endoplasmic reticulum. These observations
- may imply that & single type Qfﬁgonadotrdphlin the gold-
fish could have two different gonadotropic potencies
that are to be ascribable to the two types of gonado~ -
‘vtrophs as in the case of the loach

3. Eel

It has been shown that, in male Japanese eel

Anguilla jagonlca, there is only one type of gonadotroph

in the pituitary gland (Yamamoto and Nagahama, 1973;
Yamamoto et al., 1974). On the other hand, in European
eel, Anguilla anguilla, two types of gonadoirophs have

been detected to_occur in the pituitary gland (Olivereau
and Herlant, 1960; Knowles and Vollrath, 1966a, b). ‘As

"~ known geherally, eels in the fresh water phase of their
life history.remain to be quite immature in terms of
gonadal develdpment and also of pituitary morphology
which is far prior to full differentiation of gonadotro-

pic cells, This seems to make exact identification of
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pituitary gonadotropic cell type(s) difficult and con—
fused. In this respect, it is interesting to note that
some authors could observed a preooéious differentiation
of’ pituitary gonadotrophs in male Japanese eels which
were induced to mature by the tréatment with mammalian
gonadotopins (Yamamoto énd Nagahama, 1973; Yamamoto et
al.; 1974). As described before, in juvenile females of
the 1oach; too, the administration of HCG' was effective
~in causing an‘accelerate& differentiation'of the vesi—
cular gonadbtrophs as well as an activation of the glob-
ular gonédotnophs. In the present stu&y; pituitary.gona—
dotrophs of Japanese ee1 were examined in éilven females
subjected to the treatment with a fish GTH preparation
fbr the induction of ovarian maturation.

| Among 14 females examined in the present study; 2
fish served as initiai controls, and the remaining 12
were.induced“td mature by weeklyvintramuscular,injections
of 2 mg pbwder'of aceton-dried chum salmon pituitaries
per iOO g body weight. They were sacrificed at various
times during the course of the treafmenf lasting fpr 14
weeks;

GST value was only about 24 for initial control fe-
males; In these fish, a small number of possible gonado-
'trophs were distributed exclusivéiy in the PPD of the
pituitafy gland; The cells were oval‘or eiongate in
shape, and‘were characterized light microécopicaliy by

having a few, darkly stained globules in lightly stained
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cyﬁoplasm; The nucleus of the cells was large in size,
o#al or round in shape, with an indistinct ﬁﬁcleolus
(Fig. 185); Ultrastructurally, the cells,contaihed many
small granules, 100~200 nm in size, of varying‘eléctron'
densities, and a few large globules, 500~-800 nm in size,
of low electron density (Fig. 186); The rougﬂ endoplas; 
mic reticulum of.these'cells was composedqu flat or
lamellar cisternae; The Golgi apparatus,iyiﬁg in the
4juxtanucleargregidn‘were rather a féw‘in_number and ap-
peared to be mgdgratelyhabtivé. Mitochondria were B
generally of round or rod shape and were found thrdﬁgh—
out the cytoplasm.

' Six fish were killed during the coﬁrse of progres-
sive ovarian maturation, after 5 to 8 injections with
salmon pituitariés; They ranged in GSI from 10 to 40%.
In their pituitaries, gonadotrophs were observed té have
drastically increased in number and in size with an evi-
dent increment in the content of small granules in the
cytoplasm‘(Fig. 187); Their nucleus was élso enlarged
with a prominent'nucleolus. Furthermore, a few of the

célls were encountered in the follicles of prolactin
cells in the rosfral pars distalis of the pituitary; _
In the gonadotropic cells of the fish with GSI of 10-20%,
small granuies were enlarged to 100-300 nm in size and
became‘electron dense; Large globules in these cells_
also became 1érge in size, attaining 1000§1500,nm in

- diameter, and became similarly electron dense, Cisternae
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of the rough endoplasmic retlculum were dilated w1dely
throughout the cybtoplasm (Flg. 188).

In gonadotrophs of the fish attaining 30-40% in
GSI, small granules were further increased in amount and
in size, reaching 200-400 nm in diameter. The dilata—
tion of ¢isternae'of the rough endoplésmiclreticulum_
was, however, less in degree (Fig; 189) when éompared
with that found in the. cells of the fish with GSI of 10-
20% (Flg. 188) The Golgi apparatus appeared to be |
very active, consistfng'of several long lamellae, a few
vacuoles and many small vesicles with electron dense
‘contents, Immature granuleé at the beginning of their
formation were often present within the Golgi field;
Mitochondria were seen to be much elengated,

__in the pituitary gland of an eel which had ovulated
following 10 injections of salmon pituitaries, almost
all gonadotrophs were provided with many small vacuoles
in the cytoplasm, and thelr small granules were clearly
‘decreased in amount (Flg. 190), only a small amount of
- 200-400 nm in size being left in the cells (Flg. 191).
‘Large globules in these cells appeared to remain une-
changed in number, and were seen o become much electron
dense and 1rregular in shape.' The rough endoplasmlc
reticulum showed a marked dilatation of.constituent uis—
ternae contéining‘somewhat electron opaque material,
~ which gave a Vacuolatéd appearance to must of the cyto-

plasm. Many small granules in the process of formation
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were still observed within the Golgi fleld.
The remaining 5 fish could not ovulate even after

10 to 14 injections of the pituitary extract and, at
autopsy; had'ovarian eggs in various states of prbgres~
sive overripeness; GSI of these overrlpe eels ranged
from about 50 to 707 Pltultary’gonadotrophs of these
fish showed extensive variations iﬁ their cytological
features, belng 1n,contrast to the unlform changes of
‘the cells found 1n the fish ovulated spontaneously (Elg.
192) While some of the cells were packed stlll with
small granules-ln thelr‘hypertrophled cytoplasm, others
displayed more or less a cytoplasmic vacuolization acf
‘companied with a decrease in amount of small granules,
thodgh the change was generally less in degree than that
| occurring after sﬁohtaneous ovulation (Fig. 1§3). In
.‘ these cells, large globules appeared to be hlghly elec—-
tron dense and were sometlmes 1rregular in shape. Cis-
ternae of the rough endoplasmlc reticulum were dilated‘
to various extents, but the change was less prominent 
than that found in the cells of the ovulating cel. Some -
elongated mitochondria were present in the cytoplasm,
and they were often irregular in Shape; In the Golgi
field, there were a few long lamellae and many vacuoles
with electroa lucent contents. Evident signs of active
formation of secretory‘granules were no more,found”in
these Golgi fields, which contrasted with the featureu'

of those observed in the gonadotrophs of the fish after
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ovulation,

A morphometric study on electron micrographs of
pituitary gonadotrophs of the female Japanese eel clear-
ly indiéated.the changes of cell organeiles and granular
inclusions of the cellé as shown in Text-fig. 8.

The present observation confirmed that, in silver
female Japanese eel, only one type of adehohypophysial
cells displayed some characteriétic changes in associa-

tion with ovarian maturation induced artifiecially.

Discussion

To date, a considerable interest has been focused on N
a question of whether the pituitary gland of teleost
ﬂisyes'cohtains one or two kinds of gonadotropic hor-
mones. In early biochemical studies on teleost gonado—
trdﬁins, both follicle stimulating hormone (FSH) and
luteinizing hormone (LH) with similar activities bo
those of mammals had been demonstratéd in pituitary ex-—
tracts (Witschi, 1955; Otsuka, 1956; Fontaine and Chauvel,
1961). Fontaine and Gérard (1963) purlfled however,
only one gonadotropic factor 1n}the pituitary of carp,
Cyprinus carpio. Later, they convinced of the possibil-
ity that only one kind of gonadotropin was produced in
 the caip pituitary (Burzawa-Gérérd and Fontaihé, 1965;

Burzawa-Gérard, 1971). Yamazaki and Donaldson (l968a,“b)
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partially pu:ified, from the pituitary gland of chinook

salmon, Oncorhynchus ishawytscha, a single gonadotropin
which was proved to have a full range of gonadotropic

effects in goldfish, Carassius auratus (Donaldson et al.,

1972) and in Indian catfish, Heteropneustes fossilis

(Sundararaj et al., 1971, 1972). These findings have
collaborated in advancing the view of the existencé of

a single gonadotropin in teleost pituitary gland in con-
trast to the presence of LH and FSH in the gland of
higher vertebrates (Yamazaki, 1969; Burzawa-Gérard and
Fontaine, 1972; Donaldson, 1973; Fontaine, 1976). On
the other hand, two different kinds\of gonadotro?ic hor-
mones have recently been isolated from the pituitary of

American plaice, Hippoglossoides platessoides (Nz and

Idler, 1978a), chum salmon, Oncorbhynchus keta (Ng and

 Idler, 1978b), winter flounder, Pseudopleuroneétes

americanus (Ng and Idler, 1979) and the‘éarp (Idler and
Ng, 1979); one is vifellogenic hormone which ié able to
stimulate the ovary to incorporate vitellogenin,’and,the__
other is maturational hermone which can evoke oocyte
maturation and ovulation.

Similar conflicting results have been obtained also
from cytdlogical studies on gonadotropic cells of tele-
ost pituitaries (Pickford and Atz,'1957; van'Oprdt, 1968;
Ball and Baker, 1969; Sage and Bern, 1971; Nagahama,
1973;lSchreibman et al., 1973; Holmes and Ball, 1974;

Fontaine and Olivereau,t1975; Leatherland, 1975). .
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Several iight microscopic studies on the pituitary gland
have mentioned the presence of both IH- and PSH-secret—

ing <cells in grey mullet, Mugil cephalus (Stahl, 1963),

some species of Lepomis (Simon and Reinboth, 1974) and

Perca fluv1at1113 macedonica (Dlmovska, 1977). In early

electron mlcrosc0plc studies, too, 81m11ar flndlngs have

been reported in European eel, Angullla angullla

(Enowles and Vollrath, 1966a, c) and Zoarces viviparas

(Oztan, 1966).

Olivereaﬁ‘and her cooperatorsrappeér to be mosf
“eager to present light microscopic evidence for the
presence of two types of pituitary gonadotrophs in tele-
ost fishes such as the Furopean eel (Olivereau, 1960,
1961, 1967; Olivereau and Herlant, 1960; Olivereau and
Pontaine, 1966), the goldfish (Olivereau, l962),vsome

species of Oncorhynchus (Olivereau and Ridgway, 1962),
the grey mullet (Olivereau, 1968), roach, Leuciscus
rutilus (Olivereau, 1969), the chinook salmon (Olivereau,

1972), Atlantic salmon, Salmo salar (Olivereau, 1976),

rainbow trout, §. aifdneri, and brown trout, S. igiig
(0livereau, 1978). Baéing on these extensive studies,
she suggests thaf the two types of gonadotrophs in tele-
osts differ in their cytochemical nature from LH- and
’FSH-secretiné-cells in higher verteﬁrates, and that each
of the two teleostean gonadotrdphs may play roles at
different stages of gonadal dévelopment. Similar sug-

gestion has been given by Cgok and van Overbeeke (1972)
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in their ultrastructural studies on sockeye salmon,

Oncorhynchus nerka, which confirmed their early light
microscopic observations on the same species (van Over-
beeke and McBride, 1967, 1971; McBride and van Overbeeke, -
1969). Some other studies have also.shown the existence
of two types of pituitary gonadotrophs light microscopi-

cally in coho salwon, Oncorhynchus kisutch (Chestnut,

1970) and Boogs salpa (Michele, 1973; Malo-Michele, '

© 1978), and electron microscopically in the goldfish
(Leatherland, 1972; Léétherland and Sonstegard, 1977),
the roach (Bage et al., 1974; Ekengren et al., 1978za),
the carp (Leatherland and Sonstegard, 1977)‘and three—~
spined stickleback, Gasterosteus aculeatus (Slijkhuis,
1978).

However, some authors have found only one type of

pityitary gonadotroph even in teleost species in which
two types of cellswereideniified as gonadotropic as
cited aboves the sockeye salmon (Nagahama and Yamamoto,
1969a; McKeown and Leatherland, 1973), the glodfish
(Négahama and Yamemoto, 1969b; Kaul and Vollrath, 1974;
Lam et al., 1976), the chum salmon (Nagahama and Yamamoto,
1970) and the threespined stickleback (Leatherland,‘1970).
Among- them, Nagahama (1973) described that pituitary gona-
dotrophs of several species of teleosts were character—
ized by having two different kinds of.secretory granules
-in-their“cytoplasm,land'suggésted.thatreach‘of them

might be related separately to the control of fish
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reproduction, one to ovulation and the othér‘to vitello-
‘génesis. A similar conception was expressed about
pituitary gonadotrophs of grass carp, Ctenopharyngodon
idellus (Anon., 1978a,‘b).

On the other hand, several cases have been reported
that;aAsingle~type off pituitary gonadotroph may show
a. wide variety in cytological aspects even in fishes °
at a given"stage of sexual deﬁelopment. For example,
in the grey mullet, Abraham (1974) described several
gonadotropic cell variénts‘whichvhad‘a series of’exten—
sive cytological differences. Some other authors have
also come to admit the possibility of the presence of
two types of gonadotrophs in some species of Tiiaﬁia
(Leatherland et al., 1974) and in black molly, Poecilia
latipinna (Batten et al., 1975). Quite recently, Eken-
gren et al. (1978b) and Peute et al. (1978) observed twd.
ultrastructurally different forms of pituitary gonado-
trophs in thevAtlantic salmon and the rainbow trout,
respecti#elj, during the reproductive cycle, and they
regarded the two forms as in different stages of activity
of a single type of gonadotroph. |

It seems likely that at least a cause of the above-~
described discrepancies of the observations can be
sought in the fact that many of the studies concerned
have dealt only with the pituitary gland of fishes at a
ce?tain fixed stage of gonadal development. It seems

obvious that a time-course study of the changes of
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pituitary cells thfoughbut the gonadal development and
maturation is efficient to confirm the eéntention about
the entity of pituitéry gonadotrophs of fishes., In ad-
dition, information available so far about fish gonado-
trophs seems to be lacking in experimental supports
which may fail to give exact discrimination of func-
tional gonadotropic ecells from other-glandular_célis
of the'pifuitary gland, Such eiperimental work may fur-
’ther~favor the determination of respective roles of
different types of'gohadotrophs, if‘presenx, in ‘control-
ling gonadal activities.

In the proximal pars distalis (PPD) of pituitary

gland of the loach, Misgurnus anguiiliéaudatﬁs, examin-

ed in the present study, one acidophilic cell type and
three basophilic cell types Werg'discernible light micro-
scopically. As the acidophils comprised a large area of
the PPD arid were the only granulated, PAS~negative cells,
they were definitely identified as somatotfophs. Baso-
philic cells of one type, which were located ﬁostly in}_'
" the dorsal region of the PPD and showed a weak affiﬁity
to basic dyes, were clearly distinguished from

the other two types of basophilic cells by their scanti-
ness, by their smaller size and by their granular con-
tents of much smaller size. They were the only cells
that displayed conspicuous cytological changes under the
‘influence of a>goitrogen:'following the treatment with

thiourea, they showed a cellular hypertrophy, a marked
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developmént of lamellar rough endoplasmic reticulum, a
striking decrease in the number of secretory granules,
and an activation of the Golgi apparatus. These re-

sponses to thiourea treatment have been assigned to the

thyrotrophs of Channa punciatus (Belsare, 1965), guppy,
Poecilia reticulata (Sage, 1967; Pandey and Leatherland

1970), the sockeye salmon (McBride and van Overbeeke,

1975), catfish, Clarias batrachus (Joy and Sathyanesan,

1979), the goldfish (Nagahama and Yqﬁamoto, 1969b;
Leatherland, 1972; Kaul and Vollrath, 1974) and medaka,
Oryzias latipes (Nagahama, 1973).

0f the basophils of the other two types, those
which were situated in the central aﬁd ventral regions
- of the PFD were stained intensely with both AB and PAS,
while those localized in the central and dorsal regions
were strongly positive to PAS dbut were almost negative
to 4B in AB-PAS-0G preparation. By the staining with
AF, however,‘these two types of basophils showed a similar
affinity to AF, and it was impossible to distinguish
thém decisively. In~light'microscopic studies of the
Atlantic salmon, the rainbow trout and the brown trout,
Olivereau (1976, l978)xhas shown that one kind of gona-
dotroph which predominated in the anterior region of the
PPD was positive to both AB and PAS, while the ofher kind
of gonadotroph distributed in the central and dorsal PED
wasweéklypositive to PAS. 'The light microscopic images

of the two kinds of gonadotrophs in these salmonids
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falrly resemble those of the two types of basophlllc
cells found in the loach,

" Moreover, among the other six species of fiéhes ex-
amined in the present study, the chum salmon, Onéorhyns
chus keta, the masu salmon, 0. masou, and the whlteSpot-

ted char, Salvellnus leucomaenis, possessed two types

of basophils which exhibited almost the same histologi-
cal and histochemical natures as those of the loach.
The occurrence of such two types of putative gonadotrophs
have been ndticed also in the coho salmon (Chestnut,
1970),vthe sockeye salmon (van Overbeeke and MeBride,
1967, 1971; McBride and van Overbeeke, 1969), Peréa sp.
(Dimovska, 1977) and Boops sp. (Michele, 1973; Malo-
Michele, 1978). | | |
The two types of basophils in the loach and in the
three salmonid fishes differed from each other in their
‘fine structure, too. The alcian blue- and PAS-positive
cells‘were characterized by having a few large globules
together with many small, éecretory granules in fheir '
cytoplasm, so they were designated as the globular cells.
They may correspond to the glébule-cqntaining cells or
the globular gonadotrophs described in the goldfish
(Nagahama and Yamamoto, 1969b; Kaul and Vollrath 1974),
the pond loach (Jasifiski, 1973), and the several other
salmonids (Nagahama and Yamamoto, 1969a, 1970; Cook and
van Overbeeke, 1972; McKeown and Leatherlend, 1973).

The PAS-positive and AB-negative cells were conspicuous
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for the constant occurrence of numerous vesicular cis—
ternae (cytoplasmic vesicles)‘of the rough endoplasmic
reticulum, with moderately electron dense contents,
throughout thé cytoplasm togethervwith rather a scanty
number of granular inclusions. Cells of this type ap-
rear to correspond to the vesicular cells which have
been regarded as thevsechd type ofﬁgonaddtrbph.in the
sockeye salmon (Cook and van Ovérbeeke, 1972). In the
present study, too, they were termed the vesicular cells.
The presénce>of the vééicular gonadotrophs with similar
ultrastructural characteristics has béen noticed also

in the European eel (Knowles and Vollrath, l966é, c) the
- goldfish (Leathérland, 1972; Leatherland and Sonstegard,
1977), ‘and the pond loach (Jasifiski, 1973).

Up to date, various experimental attempts have been
earried out: to .cause_functional alterations of pituitary
gonadotrophs for the purpose of clear identification_
of the cells in teleost fishes'(cf. Nagahama, 19733
Schreibman et al., 1973; Holmes and Bail, 1974; Fontaine
and Olivereau, 1975). In the present study, several ex—
perimental treatments were conducted to identify pitui-
tary gonadotrophs of the loach decisively using adult
and young fish of both sexes.

In synthetic LH-RH~treated adult loaches of'either
sex, the globular cells were characterized by a conspicu~
ous decrease in number of the small granules accdmpahied

with a prominent dilatation of cisternae of the rough
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endoplasmic reticulum. Similar responses of pituitary
gonadotrophs to LH-RH treatment have been demonstrated
in the goldfish (Kaul and Vollrath, 1974; Lam et al.,

1976), ayu, Plecoglossus altivelis (Hirose and Ishida,

1974), the medaka (Chan, 1977), the grass carp (Anon.,
1978a, b), and the Atlantic salmon (Ekengren et al.,
1978b). Furthermore; following ovulation induced by
clomiphene citrate, the cells of this type of female
loaches also displayed é marked degranulation and a con-
siderable dilation of the endoplasmic reticulum. These
éhanges of'the globular cells in the loach are fairly
consistent with those found in pituitary gonaddfrophs

of the goldfish immediately after their spontaneous ovu-
lation (Nagahama and Yamamoto, 1969b). It has been
shown that both synthetic IH-RH and clomiphene citrate
are able to induce a significant release of pituitary
gonadotropin in several teleost fishes (Breton et al., 1975;
Lam et al., 1975; Crim et al., 1976; Billard and Peter,.
1977; Singh and Singh, 1979), and that a surge of circu-~
lating gonadotropin occurs just prior to 6vulétion in
the goldfish (Breton et al., 1972; Stancey et al., 1979)
and salmonid fishes (Crim et al., 1973, 1975; Hirose and
Wakabayashi, 1978); Therefore, it seems reasonable to
consider that the globular cells of the loach are conven-
tional gonadotrophs and that quantitative alterations of
the small granules of their cytoplasm may be directly

involved in releasing of gonadotropin.
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The vesicular cells of the loach were also induced
to change their fine structure by the treatment with
LH-RH, though'their response. was not so consPicubus and
prompt as that of the'élobular cells. Structural modi-
fications of the vesicular cells were evident also in
the fish following clomiphene-inducedfbvulatién, though
the changes were much less in degree when compared with
those of the globular cells in that ‘case, too. Anyway,
“these observations may indicate that functions of the
vesicular cells as well as the globular cells in loéch
pituitaries are admittedly under the control of hypo<
thélamic gonadotropin-releasing factors and méy thus be
considered as gonadotropic in nature.

The existence of a feedback control mechanism in
the pituitary-gonadal axis in teleosts has been demon-
strated in stﬁdies on cytological changes of pituitary
gonadotrophs after the removal of gonads or after the
treatment with exogenous sex steroids (cf. Reinboth, -
'1972; Nagahama, 1973; Dodd, 1975). Gonadectomy has been
shown to elicit drastic changes of pitﬁitary gonédotrophs'
light microscopically in the Indian datfish (Lehri, 1965;
Sundararaj and Nayyar, 1969; Rao et al., 1972), the
sockeye salmon (McBride and van Overbeeke, 1969), and
electron micfoscopically in the goldfish (Nagahama and

Yamamoto, 1969b) and Gillichthys mirabilis (Zambrano,

1971). In the loach,:it was the globular cells that

.respondéd.intensively to gonadectomy; though the changes
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of the cells were less obvibus'in castrated males than
in ovariectomized females., The vesicular cells of fe-
male loaches also responded to ovariectomy, but they ex-
hibited only a little changes even 60 days after the op-
eration. In castrated male loaches, in contrast, the
vesicuiar célls became to display an enlargement of
cytoplasmic vesicles and a decrease in thé amount of
both small granules and large giobuleslin their cyto-
plasm. In the castrated male loaches, ultrastructural
modifications were seen to be more prominent in the vesi-
cular cells than in the globular cells. |

Only the report by Simon and Reinboth (1974) has
hitherto dealt with the effect of gonadectomy on differ—
ent‘typés of possible gonadotrophs in fish pituitaries.

They detected, in Lepomis cyamellus and L. macrochirus,

light microscopic differences between two types of pitu-~
itary‘gonadotrophs in their résponse to the treatment:
one cell,type displayed evident changes leading to the
occurfence of. the so~-called signet-ring cells afiter gonad-
ectomy of both sexes, while the other cell type did ﬁot
react to gonadectomy. I+t is interesting to note that
 there is appareﬁt similarity between the results of |
Lepomis and those of the loach in which gonadectomy could
exerted a significant infiuence on the globular cells

but not on thé vesicular cells especially in females,

- though no difference in response of the cells was noticed

between males and females in Lepomis.

112



In Lepomis macrochirus, treatment of males and fe-—

males with estrogen failed to produce any llght micro-
scopic changes in both types of pltultary gonadotrophs
(Simon and Reinboth, 1974). In the present study, how-
ever, following the treatment of female and male loaches
with estrogen and androgen, the globular cells became
atrophied as was the case for the conventional type of
pituitary gonadot;bph of sex hormone—t:eated goldfish
(Nagahama, 1973; Kaul and Vollrath, 1974), and other -
several species of teleosts (Sundararaj‘and Goswami,
1968;‘Sage and Bromage, 1970b; van Overbeeke and McBride,
1971; Viswanathan and Sundararaj, 1974; Peute et al.,
1976). The vesicular cells of the loach were also ob-
served to regress with notable shrinkage of their cytoé
plasmic vesicles, in androgen-treated males but nof in
endrogen—treated females, On the contrary, the vesicular
cells were sfimulated to develop synthetic activities of
the Golgi apparatus by estrogen treatment oflloaches of
both sexes.‘

The experimental findings mentioned above ﬁay con—
firm that both the two types of pituitary cells of the
loach have functional relatiens with gonadal activities
of the fish., In addition, clear differences existing
between the two cell types in their responses to LH-RH,
clomiphene, gonadectomy, and exogenous sex steroids may
favor the assumption that each of the two distinct types'

of gonadotrophs may have separate'actions on sexual
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development in loaches of either sex., Opposed to this
view is the oppinion advanced by Peute et al. (1978),
who emphaéized that, in their study on the rainbow trout,
a single type of pituitary gonadotroph may uwltrastruc-
turally assume either the "globular" or the "cisternal (ves1-
cular)" stage accompanled with some intermediate stages
in association with changes of their activity. In the
loach, however, no transitional.cellé from one to the
other type df'the cells‘were evident in the present
ultrastructural observations. It was rather noted that
the two cell types always retained their respective
cytologiéal charaéteristics, remaining striking .
contrast from eéch other, even in the experimental
conditions that would force the gonadotropic cells to
evoke extreme functional alterations., |

~ To substantiate the assumption that the two types
of gonadotrophs‘in the loach may play their reSpective
roles at different stages of gonadal maturation, changes
of the pituitary cells in relation to gonadal develop-
ment and reproductive cycle of the fish should‘be studi—~
ed carefully. In the pituitary gland of‘juvenile loaches
of both sexes, the globular cells with immature cyto-
plasmic granules existed in the central parts of the PPD,
‘but the vesicular ceils could not be detected in the
gland, Although the globular cells did not shbw any.
conspicuous changes in early stages of gonadal develop-

ment, they displayed a notable increase in size and in
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number in harmony with progressive maturation of ovaries
and testes of the loach. Moreover, they were conspicu-
ous for a depletion of small, secretory granules, exten-
sive dilation of the endoplasmic reticulum, and subse-
quent pycnotic changes of the nucleus following ovula-
tion and spermiation. This indicates thaf the globular
cells of the loach may secrete a gonadotropin which pro-
mote later stages of gonadal maturation, especially at
the.time of ovulation and s?ermiation. Similar changes
of pituitary gonadotrophs of the globular type during
gonadal development were‘noted in various other fishes
by many’investigators‘(Olivereau and Herlant, 1960;
Sokol, 1961; Olivereau and Ridgway, 1962; Robértson and
Wexler, 19625.}, b; Lagios, 1965; Olivereau, 1967, 1976,
1978; van Overbeeke and MeBride, 1967; Kasuga and
Pakahashi, 1971; Pemal et al., 1974; Sasayama and
Takahashi, 1975; Kawashima et al., 1976; Moitra and
Sarkar, 1976; Dimovska, 1977; Malo;Michele, 1978).

The vesicular cells were indiscernible in the pitu-—~
‘itary.gland of juvenile loaches with ovaries at the peri;
nucleolus stage or with testes at the spermatogonial
stage. The cells made their first appearance in the PPD
concurrently with the appearance of oocytes in the yolk
vesicle stage in thé ovary or 6f the first spermatocytes
in the testes. They revealed little cytological
~alterations during the pewiod of advance of vitello-

genesis and spermatogenesis, or even at the time of
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ovulation and spermiation which were accompanied with
remarkable modifications of the globular cells. The
vesicular cells appeared to become active again, exhibiting
the development of Golgi apparatus and the accumulation
of cytoplasmic granules,ka few months after the spawn-

ing period, sometime before exogenous vitellogenesis in
ovarian oocytes or spermatogenesis‘in testes had

taken place. GCook and van Overbeeke (1972) suggested

that the vesicular cells of sockeje salmon pituitaries

may have their essential gonadotropic potency in early
stages of gonadal development and become largely de-
granulated near thé time of full maturation when the
globular gonadofrophs abound in the gland., In the Atlan-
tic salmon, no vesicular gonadotrophs are detected in

bthe pituitary gland of immature parrs, and then they become
apparent and highly active when the gonadosomatic index

is still very low (Olivereau, 1976). Olivereau (1978)

has mentioned similar cytological alteration of the two
types of pituitary gonadotrophs in the rainbow trout and
the brown trout, too.

Peute et al. (1978) reported that, in the rainbow
trout, a predominant occurrence of pituitary gonadotrophs
of the vesicular stage was also correlated with vitello-—
genesis in females and. spermatocyte formation in males,

- and that these cells were observed to be shifted into
the globular stage by gradual regranulation, leading to‘

absolute predominance of the globular cells'toward the
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spawning season, Incontrast, in the loach examined in

the present study, no intermediate cell types between

the two types of gonadotrophs were detectable in the
pituitary gland. This was also the case for the two types of
gonadotrophs of the whitespotted char observed in the

present study. |

In the whitespotted char, fhe giobﬁlar cells showed
a notable increas9 both in number and in size parallel
‘with progressive maturation of the gonad, At the time
of spawning,‘they displayed a degranulation and a dila-
tion of the endoplésmic reticulum, followed by some at-
rophic changes., On the other hand, the vesicular cells
made their first appeérance concurrently with the appear—~
ance of oocytes of the late yolk vesicle stage in oﬁa—
ries or of first spermatocytes in testes. During the
successive course of gonadal development, they showed
little éhange until they were activated again when
ovarian oocytes were at the latelyolk vesicle stage
~about 3 months after spawning.

Thus, possible explanation of the function of the
vesiéular cells in female fish may be that the secretion
of the vesicular cglls is implicated in vitellogenesis
in ovarian oocytes, and that, once the vitellogenesis
has been initiated, its subsequent course extending over
a 1oﬁg period of time depends only on a rather sfable
maintenance of secretion of the #esiculaf cell hbrmone(é).

The globular cells may also have an action on vitelio—
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genesis, presumably through stimulation of the secretion
-of.estrogen which has beeh shown to increase in the
blood wifh the advancement of vitellogenesis (Lambert
et al., 1978). Precise roles played by the vesicular
cells in testicular development of male fish remain to
be clarified., However, Hyder and hiévcoilaborators
(Hyder, 1970; Hyder et al., 1974, 1979) suggested that
two pituitary hormones (a FSH-like and a LH-like hor-—
mone) mlght control testicular development in Tllagia'
the FSH=1like pr1n01ple is probably active 1arge1y in
early phases of testicular growth, while the ILH-like
principie probably exerts its maximal effect on the
testis at the spermiation'period. It is interesting to
'comparethis suggestion given in Tilagié with that obtain-
ed in the present stuiy‘in terms of that there may be
some corrélation between the FSH-like activity and a
functioﬁ of the vesicular cells and between the LH-like
activity and a function of the globular cells in male |
fishes, |

On the other hand, Simon and Reinboth (1974) report—.
ed that the treatment of Lepomis with a long photoperiod
caused different histological changes in two distinct
types of pituitary gonadotrophs. This led the present
writer to consider the possibility that the exposure of
loaches to continuous light may accelerate vitellogenesis
and'spermatonenesis in their post-spawning period, possi-

bly through an activation of the vesicular cells in the
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pituitary gland., In fact, the treatment was apparently
effective in accelerating the maturation of goﬁads in
adult and young loaches of both sexes. In the treafed
loaches, the vesicular cells showed an increase both in
number and in size and, characteristieally, a progres-
sive increase in size of their cyfoplasmic vesicles,
Although the globular cells of adult loaches of both
sexes also displayed activated features foilowing the
treatment, their changes appeared to be less prominént
in comparison with those of the vesicular cells. In ad-
dition, it is interestinglto note that, in youﬁg females
exposed to constant light, the vesicular cells, which
had.béen indiscernible at the start of treatment, were
induced to be differentiated simulténeously with a pre-
cocious occurrence of'exogeﬁous vitellogenesis in ova-
rian oocytes.

Furthermore, it is expected that experimentél treat-
ments to inhibit gonadotropic activities of the pitui-
tary gland result in an inactivation of the vesicular
cells which may reflect on certain ultrastructural
changes of the cells. Complete starvation of some fishes
has beén shown to cause gonadal regression thfough
"psudohypophysectomy” of the fish (Clements and Reed,
1967; Bogenschutz and Clemens, 1967; Nagahama, 1973).

By complete starvation of loaches lésting for 60 days,
severe retrogressive changes of ovaries and testes were

caused. In pituitaries of the starved loaches, the
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globular cells showed an incréase in number of small
granuvles and a reduction in amount of the endoplasmic
reticulum, indicating a subsidencé of their secretory
and synthetic activities. In contrast, no notable struc-
fural change was detectable in the vesicular cellé of
the starved fish even after 60 days of the.treatment.
These facts probably suggest that a secretion of the
globular cells may have a basic.significance in the pro-
gress of gonadal development whereas that of the vesi-
cular cells may take ﬁarts in certéin particular pro—"
cesses of gonadal maturation. This further implies
different mechanisms‘controlling gonadotropic activities
of the two distinct types of pituitary gonadotrophs'of'v
the loach;

It was mentioned previously that a precocious dif-
ferentiation of the vesicular cells was induced by the
treatment of young female loaches with continuous light.
Comparable results were obtained also in juvenile female
loaches injected with HCG. At the start of experiment,
pituitaries of the loaches were provided with only a
few, small gonadotrophs of inactive globular céll
fypes. After 6 injections of HCG, while the globular
cells became to be highly active, a few cells of the
vesicular cell tyﬁe began to appear in the pituitaries,
Furthermore, oral administration of testosterone to juve-
nile loaches of either sex could also accelerate the

differentiation of the vesicular cells. ‘Although estrone
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administration failed to bring about such an apparent
effect, some cells having gramilar contents similar to
those of the vesicular cells appeared in affected pitui-
tary giands. The globular cells of the juvenile loaches
treated with either testosterone or estroﬁe exhibited a
highly activated aspect‘to synthésize their granular
inclusions., | | | |

Thus it is concluded that both exogenous gonadotro-
pin and sex steroids can induce a precocious differenti-~
ation of the vesicular cells and an activation of the
globular cells in the pituitary gland of juvenile loaches.
At least in regard to the activation of pituitary gona-
dotrophs by exogenoué hormones, this agrees with the
results obtained in previous studies on immature fishes

treated with fish pituitary extracts (Anguilla aneuilla,

Olivereau and Fontaine, 1966; Olivereau, 1967), with
mammelian gonadotropin (Anguilla japonica, Yamamoto and
Nagahama, 1973; Yamemoto et al., 1974), or with sex

steroids (Oncorhynchus nerka, van Overbeeke and NcBride,

1971; Anguilla anguilla, Olivereau and Chambolle, 1978;

Sokolowska et al., 1978; Olivereau and Olivereau, 1979a,
b). 1In the present study, too, pituitary gonadotrophs
of silver females of the Japanese ecel showed a progres-—
sive increase in size and in'number with a prominent ac—
cumulation of secretory granules during the course of
artificial maturation caused by injections of salmon

pituitaries,.

121



In a series of recent studies on immature European
eels, Olivereau and Olivereau (1979a, D) suggested that 
estradiol acted on gonadotro?hs to stimulate hormone
synthesis by a positive feedback."ln addition, it has |
been demonstrated that pituitary gonadotropin levels are
raised following administration of teétosterone in Atlaﬁy
ticlsalmdn parr (Crim and Peter, 1978) and in‘juvenile
rainbow trout (Crim and Evans, 1979). Consequently it
seems likely that sex steroids, either administered frém
outside or tfiggered,tb be secreted by the action of ex-
ogenous gonadotropins,.may be involed in the regulation
of the globular cells. Moreover, a possible develop-
ment of non-granulated pituitary cells info the vesi-
cular cells, or more precisely,theinitiation of synthe~
sis of secretory products in the former cells, is’also
likely to be promoted by sex steroids in juvenile
loaches; These assumptions are to be substantiated by fur-
ther studies. It is tempting, hoﬁever,_to sﬁeculate
that, during immature, subadult stéges of fishes, the
vesicular cells‘become to function as gonadotropic pro-
gressively by an action of sex steroids which have been
discharged into circulation by the stimulation of horf'
mone(s) of the globular cells,

| Some conflicting results were obtained concerning
the type of pituitary gonadotrophs of several teleost
fishes examined in the present studj. Whereas the pres-

ence of two distinct types of pituitary gonadotrdphs4was
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confirmed in the loach, the chum salmon, the masu salmon
and the whitespotted char, only one type of gonadotroph
was found in the rainbow trout, the Japanese eel and the
goldfish. It is of special interest that a single type
of pituitary gonadotroph of the goldfish are provided
with cytological characteristics which are seen to com—
bine those of the two types of gonadotrophs of the
loach. Only one type of gohadotroph haé been repeatedly
demonstrated in the goldfish under various experimental
conditions (Nagahama and Yamamoto, 1969b; Kaul and
Vollrath, 1974; Lam et al., 1976). In contrast, Olive-
reau (1962), Leatherland (1972) and Leatherland and
Sonétegard (1977)have presented evidence for the exist-
ence of twovtypes of gonadotrophs in the same species.
Several cases have been reported to show that a
single type of pituitary gonadotroph may vary in its
cytological aspects rather widely even in fish at‘a
giveﬁ stage of sexual development. For example, Knowles
and Vollrafh (1966¢c) described five types of gonadotro-
ﬁic cells in the migrating European eel, Anguilla}anguilla,

and Abraham (1974) mentioned several gonadotropic cell
variants with a series of extensive cytologiéal differ—
ences in the mullet,vﬁggil sp. In their ultrastructural
studies on Tilapia Sp. and the black molly, Poscilis
latipinna, Leatherland et al. (1974) and Batten et al.
(1975) also reported great variabilities observed in

the activity of gonadotrophs of the same pituitary gland,
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A general survey of theAresults obtained in the
present studj and those‘appearéd‘in many literatures on .
pituitary gonadotrophs of various teleost fishes may
lead. to the following conclusions; Téleost fishes can
be classified into 5 groups in terms of the type of
gonadotropic cells occurring in the pituitary gland:s
1) those with only a single type of gonadotroph which
does not reveal any different c&tological “forms" during

gonadal development (Anguilla japonica, Oryszias latipes);

2) those with one type of gonadotroph which may assume
some different cytological aspects depending on matura-

tional stages of the gonad (Mugil, Poecilia latipinna,

Tidlapia); 3) those with a éingle type of gonadotroph
which possesses cytological characteristics that combine,
in the same cells, those of +two distinct types of gona-
‘dotrophs (Carassius auratus); 4) those with a single type
of gonadotroph which exhibits two different fbrms accom-
panied with some intermediate forms in association with

changes of their activity (Salmo gairdmeri, Salmo salar);

and 5) those with two distinct types of gonadotrophs
which are not accompanied with any intermediate cell -

types between the two (Misgurnus aneuillicaudatus,

Oncorhynchus keta, Oncorhynchus masou, Rutiius rutilus,

Salvelinus léucomaenis).

So far as the present writer knows, only Haider and
Bltm (1977) have thus far presented a hypothesis about

the evolutionary aspect of the pituitary-gonadal axis
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oft lower vertebrates. They postulate that evolutionary
changes of the pituitary gonadotropin system in verte-
brates may have occurred at three levels, namely gona- -
dotropic cells in the pituitary, gonadotropic hormone
molecule, and gonadotropin‘réceptor in the gonad, which
‘haveeundergoné a,bhange independently 6f each Sther;
They furthér éuggesf that different phases of combined
changes at the three levels are in play in diffeiéht
species, genera, or famiiies of the same animal class in
accordance with the selective vaiue gaiﬁed during tﬁe
process of evolution. They are of the opinion that nei-
ther the theory ofﬁtnicity nor the concept of duality
can be généralized for the whole 1owérJverfebrates. It
is interesting té consider the above-mentioned five types .
- of pituitary gonadotrophs as representing a sequential
change in the differentiation of gonadotropic function
of the'cells. ‘
In conclusion, the present study presented evidence

"~ of the existence of two distinet types of pituitary gona—
dotrophs in the loach, each of'which may play roles at
different stages of the developmen% and maturation of
ovaries and testes of the'fish. It is interesting to
make a comﬁérison between hormones of the two types of
pituitary goﬁadotrophé'determinéd‘in the ‘present study
and. the twq diffefent kiﬁds of gonadotropic~hormones~
isolated recentlj from pituitary extracts of several

teleost fishes by Idler and his coworkers (Ng and Idler,
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1978a, b, 1979; Idler and Ng, 1979). Immunocytochemical
methods employing antibodies generated against each of
the two kinds of gonadotropins are considered to be the
most available method to prove this possibility. Fur-
thermore, the present study revealed some differences in
ultrastructural aspects of‘the two types of“gonadotrophs
between males and feméles of the loach. .It remains to
be elucidated by further studies whether these differ-
encés are due to the different physiological conditions
of the ovary and the testis of the fish or t6 presumable
sex-linked differences in biochemical nature of the hor—
mones produced. The_iétter possibility has been
indicated bylsome studies in which gonadotropins of sep-
arate naﬁﬁres were isolated from male and female pitui-
taries of salmonid fishes (Oncorhynchus keta, Idler et
al., 1975a, b§ Oncorhynchus tshawytscha, Breton et al.,
1978). Finally, the present study indicates that the

type of pituitary gonadotrophs may be different among
fish species of the same family such as Cypridae and
Salmonidae. PFurther work aiming at understanding these
phenomena is to be done using various fiéhes‘of both

sexes in various stages of their reproductive cycle.

Summary‘
One of the current.controvefsial problems in
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teleost reproductive physiology has centered around the
question as to whether teleost_fiShes possess one or
two -types of gonadotropic cells in the pitﬁitary'gland‘
The main aim of the present study is to identify pitui-
tary gonadotrophs cytophysiologically and to clarlfy
their functlonal relatlonshlps ta gonadal development

mainly in 1oach, Mlsgrunus anggllllcaudatus, and 1n chum

salmon, Oncorhxgchus keta, masw salmon, 9ncorhynchus

,,,,,,,

bow trout, Salmo gairdneri, goldfish, Carassius auratus,

and. Japanese eel, Anguilla jﬁponiéa.

1. In.the;proximal pars distalis (PPD) of pituitary
gland: of the loach, two distinct types of basophilic
cells with diﬁﬁe:ent-logaiities; staining properties and
ultrastructural characteristics are present along with
the cells identified as thyrotrophs énd somatotrophs,

- Ultrastructural changes of the two types of basophils,
termed the glébular cell and the vegicular cell accord-
ing to their ultrastructural features, were examined in
male and feméle ioachesAwhich:Ead,been subjected to thé
injection of synthetiec LH-RH or clbmiphéne citrate, to
the gonadectomy or to the treatmeht with sex steroids |
auring their prespawning period. Resulfs of these treat-
ments indicate that both the two types of pituitary cells
have functional relation to gonadal activities of the .
fish, |

2. During the course of gonadal development and
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reproductive}cycle of the loach the globular cells,
which had already existed in the PPD of juvenile loaches,
becamé activated in»parallel with gonadal maturation,
and showed remarkable changes at the timé of ovulétion
or spermiation, thus denoting themselves %o be the con-
ventional gonadotrophs. in contrést, the vesicular
cells made their first apﬁéarance in the PPD of young
loaches éoncurrently with initiétion 6f vitellogenesis
and spermatogénesis in the gonad, and revealed little
change during subsequéﬁt_periods of advancing gonadal
maturation. It is suggeéted that the two types of gona-
dotrophs may take different parts in different stages of
development and maturation of the ovary and the testis
of the loach.

3. Exposure of loaches to continuous light during
: the_postspawning period could recover and proﬁofe vitel-
logenesis and spermatogenésis, and caused a concomitant
activation of functions of the vesicular cells, Com-
plete starvation of loaches during the spawning period
could cause regression of the gonad, but failedvto exert
any notable influences on the vesicular cells, It is
inferred that. the vesicular cells may be implicated es-
sentially in the initiation and successive maintenance
of gametogenesis in the loach.

4. Administrations of human chorionic goﬁadotropin
or testosterone to juvenile loaches did efficiently

induce a precocious differentiation of the vesicular
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cells in the PPD, which iﬁplied a certain relation of
sex steroids with functionihg of the vesicular cells.

- 5. Among the other six species of teleost fishes
examined in the present study, three salmonids, namely
the chum salmon, the‘masu salmon and the whitespotted
char, had two distinct types of pituitary gonadotrophs
with similar cytological Chanacteristics to those of the
loach., The two gonadbtropic cell types of‘thé white-
spotted char showed characteristic chénges during gon-
adal development, whidh fairly coincided wifh those.ob—
served in the loach; :On the other hand, only one type
oﬁ'gonadotroph;wasvfound in the pituitary gland of the
rainboﬁ trout:eiamined at the péak.of their spawﬁing
period., .A single type of pitﬁitary gonadotroph was dis—
cernible in the:goldfish, too. However, the cell of the
goldfish possessed cytological characteristics which |
seemed to combine those of the vesicular cells and the
globular cells of the loach. In the pituitany gland of
the: Japanese eel induced to maturation artificially,
only one type of glandular cells was’bbserved to be
gonadotropic in nature, o

6. The résuits.were’&isqussed'ih terms of the pos-
sibility that different species of teleost fishes might
have one of fhe folloﬁing 5 different kinds of pituitary
gonadotrophs;tWhich might bear some evolutiénary signif-
icance in the development of fﬁé‘piﬁuitéry;gdnadal_aiis
controlling the reproduction of fishess 1) a single type
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of gonadotroph which does not reveal any different cytol-
ogiéal "forms" during gonadal development; 2) a single
type of gonadotroph which may assume some different
cytological aspects depending on maturational stages of
the gonad; 3) a single type of gonadotropﬁ which pos-
sesses cytologlcal characteristics Wthh comblne those
of two distinct types of gonadotroph;‘4) a single type
of gonadotroph which exhibits two different forms accom-
panied with some intermediate forms in association with
changes of their activity; 5) two disbtinct types of
gonadotrophs which are not accompanied with any iﬁter—

mediate cell types bhetween the two.
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~ Abbreviations

adrenocorticotropic cell

 globular cell (gonadotropic cell)

3

¢+ gonadotropic cell

Golgi apparatus
large globule
mitochondrion‘

non-granulated cell

neurohypqphysis

s prolaétin_cell

- pars intermedia

chromophobic cell of pars intermedia
basophilic cell of pars intermedia
proximal pars distalis

rough endoplasmic feticulum

rostral pars distalis

small granule

stellate cell
somatotropic cell

thyrotropic cell

- vesicular cell (gonadotropic cell)

vesicular cisterna (cytoplasmic vesicle)

pf rough endoplasmic reticulum

’

Scale on electron micrograms 1 pm.



Plate 1 , _
Eigs; 1l and 2; Median ségittaljsegtign.thrpugh
the pituitary gland of the léach,;Miégéggus
anguillicaudatus. Fig. 1: AF stain X150.

 Fig. 2: W, ACTH cell; e, globular cell; a,
PI-i cell; A, PI-2 cell; n; prdlactin cell;
o, somatotropic cell; @, thyrotfgpic cell;

0, vesicular cell,



Plate 1-




Plate 2 v
Figs; 3—6; Glandular cells in the RPD of the
| pituitary gland of adultlloaches;'_Fié. 3 ‘
~and 5¢ methylene blue stain of Epon-embedded,
semithin sections, XlOOOL ‘ | |
Eig. 3 and 4'. Prolactin cel;';v & psudo-
follicles of the cells is shown in Fig. 3.

Fig. 5 and 6. Adrenocorticotropic cells,



Plate 2




. Plate 3 |

Figs‘. 7-10‘. Glandular cells in the PPD _(F‘igs‘.
7 and 8) and in the PI (Figs-; é and 10) of
the pituitary gland of adul_‘l:iloaches'. BPigs, '
Taand 9¢ méthyleﬁe blue stain of FEpon—-embedded,
Asemi‘bhin sections, X 1000,
Figs; 7 and 8‘. Somatotropic cells (s and STH).
Figgr. 9 and 10. Chromophobic cells (pl and
21.:.3.-.)‘: and basophilic cells (p2 and _Z?_I_-';g),. |



Plate 3




Plate 4
Flgs. 11—14. Thyrotrophs (i and TSH) in the PFD
~of the pituitary gland of control (Flgs. 11
and 12) and thlourea—treated (Flgs. 13 and 14)
‘1oaches after 60 days of treatment Elgs.
11 and 13: methylene blue stain of Epon-
embedded, semithin sectiqns; X1000.



Plate 4




Plate 5 )

| Figs'. 15-18'. Globular cel_]‘.s,_(g and &—E_T_I_{_) andv

| vesicular cells (v and y_—__g_g}_g) occur;r‘:_ing in

the PED of the pituitary gland of adult
loaches. Figs. 15 and 17: methylene blue
stéin of ,‘E;iovn—.embedded, semithin sections,

X1000.



Plate 5




Plate 6 | ’

.Figs; 19—22; Globﬁ;ér cel;sﬁ(g!and‘giggg) and

~ vesicular cells (y and y-GTH) of adult (Figs.
19 and 20) and young (Figs. 21 and 22) loaches
of the‘control groups_serving in the gxperi;
ments dqnevat the_late prespawning or'the
early spawning period (Manguly); Figs; 19' |
and 21: methylene blue stain of Epon-embedded,

semithin sections, X1000.



Plate 6




Plate 7
Figs; 23—25; Globular cells (g and g____) and
| ve31cular cells (v and v-GTH) of LHQRH-treated
adult loaches sampled 1 hour (Flgs. 23 and 24)
and 48 hours (Flg. 25) after 1n3ectlon.
Fig. 23: methylene blue staln of an Eponp

embedded, semlthln section, XlOOO.
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| Plate 8 |
Figs. 26 and 27. Globular cells (g-GTH) and
vesicular cells (V—GTH) of LH-RE-treated, |
young female loaches samplled 1 hour (Fig..
26) and 24 hours (Pig. 27) after injectiom.
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Plate 9 | |
Figs. 28 and 29. Vesicular cells (v-GTH) of LH-
- RH-treated adult female _(Fié. 28) and xﬁale

| (Eng.zg)lloaehes sampled 72 hours after

injection,
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Plate 10: | 4

Figs-_. 30-33'. S‘agittal sections through the -
pituitary gland of a saline-in;jeg’t@ (Figs‘;
30 and 32) and a cloﬁiphene—injécted (Figs..
31 and 33) female loach, shoyyiné light micro-
scopic changes of globular () and vesicular
(v) cells in the PPD.. Figs‘. 30 and'3l:=. AP
stain of paraffin embedded sections, X150.
Eigs(. 32 and 33: meth&lena blue stain of Epon-
embedded, semithin sections, XlOOO‘.
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| ‘Plate 11

Figs. 34 and 35; .Glbbular cells (gﬁggg) of
plqmiphene—treated.female'ioaches.; In Fié.
34, an eXﬁreme expansion‘qf cisternae of the

‘rough endoplasmic reticulum is shown,
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Plate 12 ,
Figs. 36 and 37. Vesicular cells (v-GTH) of

clomiphene-treated female loéches.
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Pla’ce 13

| Figs‘. 38 and 39.. Globular cells (g and g___)
| and vesicular cells (v and y_—_(_}_'.t_!_g) of ovari-
ectomzed loaches exam:.ned 60 days after
o_perat:.on. Fig. 38z methylene blue sta:.n of

an Epon-embedded, semithin section, XlOOO.
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Plate 14 |

}Figs‘. 40—42‘. Globular cells (g and g;_G_’J;I;_) and

| v'e‘sicula;:" cells (j_r_ and y_—_—_ggg) of castrated
m_;ile 1oa¢hgg"examined'so‘days after Qperatioﬁ. |

In Fié. '42, an atypigally expanded cytdplasﬁc
vesicle is‘ shownl. Eié. 40: methy].ene blue '
stain of‘an Epon~embedded, semithin section,

X1000.
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Plate 15

F'igSQ.» 43 and 4‘.415. Globular cells (g and g_-_G_?_Ig)
vand‘vesiculai' cells (y_ and y:_G_g;{_)of féma.le
10ac_hes"iknje¢ted‘_w;lt'h‘ estradiol. V_Figj. 43:
methylene blue stain of an Epon-embedded,

semithin section, X 1000,
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Plate 16
Figs; 45-47. Globular cells (g and g£§§§) and
vesicular cells (i and v-GTH) of male iqaches
injected with estradiol; Fié.'45:.methylene
blue staiﬁ of an EponFembedded, semithin

sedtion, X1000;
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| Plate 17 o

_Figs; 48-50. .Globular cells (g andvgiggg)vand
vgéicular cells (2 and j&ggg) of male loaches
.iﬁjecteduwith testosterone; Fié. 48: methylene
blue stain of an Epon-embedded, semithin

section, X1000.
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, Plate 18 |

Figs; 51—53; Globular‘cells (g and g:ggg) agd
vesicular cells (v andAZigig) of female loaches
injected with téStosterone; Fié. 51: methylene
blue stain”of an‘Epon-embedded, semithin .

‘section, X1000.
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Plate 19 _

Flgs. 54-57. Globular cells (g and,gL___) and
non-grannlated cells (n and NGG) of JuVenlle
loaches having oocytes 1n the oogon_al stage,
sampled in November (Flgs. 54 and 55) and in
the perl—nucleolus stage, sampled in January
(Figs. 56 and 57) Note the absence of typlcal

| ve31cular cells in pltultarles of these quite
immature flSh. Figs. 54 and 562 methylene blue

stain of Epon-embedded semlthln sections, x1000.
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Pia:be 20
Figs. 58 and 59. Globular cells (g) and vesicular
cells (}i‘ and X:_Ggg) of yearling female hlqachesh
having 'ooéytes in the yolk vesicle stage,
sampled in April'. V'Fig‘. 581 niejbhylene blue
stain of' an Epon embedded, semithin section,

X 1000,
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| Plate 21 ,

Figs. 60-62. Globular cells (g and g-GTH) and
vesicular cells (v and iégg') of yearling
female 1oac;hea having oocytes in the primary
yolk stage; vs'ampvlecwi in Ma}y'. Fj.é. 60 ‘meth'yiene
‘blu.e stain of an Eﬁon-embedded, semithin sec-

tion, X1000.
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Pla.’ce‘22
Figs'. 63-—65‘; Globular cells (g and g-_-__G__'.g_Ij{') and
‘vesicular cells (v and lr:_g-_ig_g) of yearling
female loaches having oocytes in the tértiary
yolk stage, sampled in July‘. Fig. 63: meth&lene
blue stain of an Eponfémbedded, semithin

section, Y¥1000.
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‘Plate 23 ’

Figs; 66-68. Globular cellsr(g and gﬁggg) and
vesicular cells (v and i:ggg) of‘postspawning
loaphes,wsampied iﬁ.Septembergﬂ;Fig; 66¢
methylene blue stain of an Epon-embedded,

semithin section, X1000.
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| Plate 24 |

Figs; 69—75.— Globular cells (g and é:ggg), non-
| granulated cells (é:andvggg)“and_vgsicglar |
cells (y and y-GIH) of juvenile male loaches
having testes with Spermatogonia‘only;hsampied
in November (Figs. 69 and 70), and with a small
number of first spermatocytes, sampled in |
Jenuary (Figs. 71 and 72). Figs. 69 and Tl:
methyiene blue stain of_Epon~embedded,-semithin

sections, X1000.
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Plate 25
Figs. T73-T5. Globular cells (g and g TH) and
vesicular cells (v and vaGTH) of yearllng male

loaches hav1ng germ cell cysts 1n varlous

spermatogenetlc stages sampled in July Fig.
73: methylene blue stain of an Epon—embedded,
semithin section, X1000.
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Plate 26
-Figs-. 76—78' Globular cells (g and 5______) and
vesicular cells (¥ and V-G-TH) of ma'bure
sperm:.at:.ng loaches, sampled in Sep'bember.
Fig. T6+ methylene bluev stain _of an Epon- .
embedded, semithin secrtion, XlOOO';
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Plate 27 ‘
Figs. 79.-8_1'. Globular cells (g and g-GTH) and
vesicular cells (v and y__-g_'._gg) of adult female
Aloaches. of the sf_age I. Fié. 79: methylene
‘blue stain of an Epon-embedded, semithin

section, X1000.
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Plate 28
Figs‘. 82—-84?. Globﬁlar cells .(g and &G__tp_g) and
vesicular cells (v and v-GTH) of adult female |
loaches of the stage Iﬁ._ Fié. ‘8}2:» methylene
blue sta.:_i.n_‘ qf an Epon embedded, semithin ‘

section, X1000.
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Plate 29
Figs). 85 and 86'. Globular 'ce;l.ls (5, and‘g_;_:_G_tlg)
vesicular cells (i and g:_G_?_I_I_) of adult female
ioaqhes of the stage III:.__. ‘Fig‘, 85':vmethyléné
blue stain of an Epon-embedded, semithin

section, X1000,
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- Plate 30 .

Figs. 87 and 88. G&qbular cells (g and g:ggg)
and vesicular cells (g.and i&ggg) of adult
female loaches of the stage IY;_ Fié._BS;
methylene blue stain of an Epon-embedded,

semithin section, X1000,
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Plate 31 .
Figs. 89-91. Globular cells (g and g-GTH) and
vesicular cells (v and lr:_-_G__ﬂ_.'_I_—I_) of adult female
1oéphes of the stagg.vvv. Figv.; 39: methylene
‘blue stain of an Epo'n-.-embedded, semifhin

section, X1000.
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Plate 32
Flgs. 92 and 93. Globular cells (g and g___")
ve31cular cells (v and v—GTH) of adult female
loaches of the stage VI. Flg. 92' methylene
blue staln of an Eponyembedded semlthln

gection, X1000.
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Plate 33
Figs; 94—9%. Globﬁlgr cells (g and gﬁggg)‘and
vesicular éells (v and_z:gg§5 of adult male
‘loaches of the stége I (Fig§; §4 and 95) and
of the stage II (Figs.;96 and 97); Figs; 94 ‘
and 96: methylene blue stain of Eﬁonpembedded,

semithin sections, X1000.
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Plate 34
Figs; 98—100; Globular cells (5 and g____) and
ve31cular cells (v and v-GTH) of adult male
loaches of the stage III. Fig. 98* methylene
blue staln of an Epon—embedded, semithin

section, X1000.
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Plate 35
Figs; 101—103; Globglar.cells (g and gﬁggg) and
vesicular cells (x_and—jiégg) of g@ﬁlt male
loaches of the.Stage IV.” Fié._lclg methylene
'_blue stain of an Eponyémbedded, semithin -

section, X1000.
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‘Plate 36 _
Figs. 104-106. Globular cells (g and g-_-g_mg) and
vgsicﬁlé:‘cells (v and 2:§§§) of adulf male
loaches of the stagg.v;wﬁié, 104: methylene
blue stain of an Epon-embedded, semithin

section, X1000.
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Plate 37
Figé. 107-109;. Globular cells (g and é£g2g) and
vesicular cells (2_and éégig) of adult ﬁale
loaches of the‘stage.VI; Fig;.107: methylene
blue stain of an Epon embedded, semithin o

section, X1000.
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Plate 38
Figs; 110 and 11l. Globular cells (g and g:égg)
vesicular cells (v and j:gig) of adult female
loaches §f the control group serving_in the
experiment with cqntinuoué ligbt exyosuré.'
Fié. 1102 methylene blue stain of an Epon—i

'embedded, semithin section, X1000.
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Plate 39

Figs; 112-115, Globular cells (g and gﬁggg), non~
granulated cells (n andvyégj and“yeéicular cells
(y and y-GTH) of young female (Figs. 112 and
113) and young male (Figs; 114 and 115) loaéhes
of the conﬁrdl gnoup4serving in the exﬁeriment
with continuous light,exposure; Note the ab-
sence of the vesicular cells in the female and
the presence of the cells in the male; Figg.
112 and 114: methylene blue stain of Epon-

embedded, semithin sections, X1000.
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Plate 40
Figs; 116—118; Globular cells (g and ) of
of adult female loaahes exposed to contlnuous
light for 30 (Flgs. 116 and 117) and 60 days
(Fig. 118). Fig. 1163 methylene blue stain

of an Epon-embedded, semithin section, XlOOO.
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Plate‘4l
Figﬁl 119—12i. Vesicular cells (j and z:ggg) of
adult male (Figs. 119 and 121) and adult
femalel(Fié. 120) loaches exposed to continun
ous light: for 30 days. F:Yifg‘v.NllQ: methylene
blue stain of an Epon-embedded, semithin

gection, X1000.
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Plate 42
Figs; 122 and 123; Globular cell (ggggg) and
vesicﬁlar cells (g:ggg) of adult female (Fié.
122) and adult male'(Fié. 123) loaches exposed

to continucoms light for 60 days.
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Plate 43 |
Fi_gs'. 124—12&. Globular cells (g and g_-g_m_g_) and
vesicular cells (y_ and y:_g_ﬁ_!_g) of_’_y-gung female
loaches 4exp'osed- to continuous llght for 30
(Pigs. 124 and 126) and 60 days (Fig. 125).
Fig'. 124: methylene blue stain of an Epon-
embedded, semithin section, XlOOOl;
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Plate 44
Figs; 127 and 128;A Globulaf-cell (gzggg) and
veéicular_cells (z:gég) 6fuyoung¥female (Fig.
127) and young male (Fig; 128) loaches exposed

to continuous light for 60 days.
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Plate 45 |
Figs. 129-131. Globular cells (g and g-GTH) and
vesicular cells (v and‘ziégg) of female loaches
of the control group sampled at 30 (FigS. 12§
and 130) and 60 days (Fie. 131) of the starva-
tion experimenf;v Fig., 129: methylene‘blue stain

of an Epon-embedded, semithin section, X1000,
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Plate 46
Figs‘. ;32-134.'. Globular cells (g and g_-g_a_rg) and
vesicular cells (v and y_-_-_(_%_T_g) of female loaches
starved for 60_days', Fig. 132: methylene blue
stain of an Epon-embedded, semithin ysection‘,
X1000. |
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| Plate 47
Figs; 135—138; - Globular cells (g and gﬁggg) and
vesicular cells (1 and z:gig) Qf_ybung female
(Eigs'. 135 and 136) and young male (Figs'. 137
and 138) loaches of the control group serving
in the treatment with HOG. Figs. 135 and 137:
methylene blue stain of Epon-embedded, semithin

sections, X 1000,
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Plate 48 |
Figs‘. 139 and 7140-. Globular cells (g_'and g_-_-_-_G__Tg)
 and vesicular cells (y and i;_gr_ﬂ_f_g) of HCG-
injected, you.ﬁg female. loacheg-, Fié. 139:
methylene blue s_j:a:i(.r} of an Epon-embedded,

semithin section, X1000,
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Plate 49
Figs. 141 and 142. Globular cells (g-GTH) and
vesicular cells (y-GTH) of HUG-injected,

young male loaches,
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Plate 50

“Figs.. 143—146(. Globula.r cells (g and g=GTH) of
control (E:Lgs. 143 and 144) and testosterone-
treated (Figs. 145 and 146) juvenile loaches
examined 10 days after the start of treatme.nt‘.
Figsl. 14‘.3 and 145: methylene blue stain of
Epon-embedded, semithin sections, )(1000’..
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Plé.te 51 A
-Figsh.‘ 14,7-14.._9'. Vesicular cells (v and v=GTH) of
Jjuvenile loaches treated with testosteron_e‘
for 10 (Figs‘. 147 and 148) and 30 days (Fig'.
’1'49):‘:.. lFig.‘ 147s 'mre'_b_hylene'bluevstaih of an
Epon-embedded, semithin section, X ILOOQ‘.
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Plate 52

‘Figs. 150 and 151. Globular cells (g and 3-GTH)
of juveni;l,e loaches treated with testosterone
for 30 days'. Fig. 150z methylene blue stain
of an Epori—-embedd‘ed, semithin section, XlOO(.‘)..
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Plate 53

“Figs‘, 152-‘154.'; Globular cells (g and g_-_:__GE_H_) and
possible vesicular cells (v—GTI‘i?’)‘_ of juvenile
loaches ti‘eateé with estrone for 30 da-ysl. | .
Fig‘. 152: methylene bluevsi‘:ai‘n. of an Epon-

embedded, semithin section, X1000.



Plate

53



Plate 54
Figs. 155 and 156. Globular cells (g and g-GTH),
.somatotrophs (s and STH) and thyrotrophs (‘t and

,_Flg. 155- methylene blue staln of an Epon-" |
- embedded, semithin section, )(lOOQ-.
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Plate 55
Figs. 157 and 158, Globular cells (g and g-GTH)
and vesicularrqells_(zvand v;GTH) of female

chum salmon, Qucorhynchus keta, Fig. 157s

methylene blue stain of an Epon-embedded,

semithin section, x1000.
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Plate 56
Flgs. 159 and 160._ Globular cells (g and g—G )
and _vesicular cells (v and v—GTH) of female

masu salmon, Oncorgynchus masou._,Flg. 159:

methylene blue stain of an Epon-embedded,

semithin section, X1000,
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Plate 57 |
Figs. 161 and 162. Globular cells (g and GTH)
and ve31cular cells (v and V—GTH) of female

whltespotted char, Salvellnus leucomaenls.

- Fig. 161: methylene blue stain of an Epon-
embedded, semithin section, X1000.
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| | Plate 58
Pigs. 163-165. Globular cells (g and giggg) and
vesicular cells (i—ﬂﬁ) o.f'fep;.alel whitespotted
chars sampled in Mé,y (Eigs'._ 163 g.r;d‘.16l4)‘ and
June (Fié. 165). Pig. 163: methylene blue '
stain of an E'pon-em‘be@ded, semithin section,

X 1000,
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Plate 5§

Figs. 166-169. Globular cells (g and 2.GTH),
‘non-granulated cells . (n and NGC) and vesicular
cells (v and v—GTH) of female whltespotted chars
sampled in July (Flgs. 166 and 157) and Septem—
ber (Figé; 168 and 169); Figs; 166 and 168:
methylene blue stain of Epon-embedded, semithin
sections, ¥1000.
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Plate 60 _

Figs. 170-173. _Globular cells (g and g-GTH) of
female Whitgspotted char sampled in October
(Figsv. 170 and 171) and November (Fig_s‘. 172

and 173). Fig‘s‘. 170 snd 172: methylene blue
stain of Epon-embedded, semithin sections,

X1000.
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| Plate 61
Figs'. 174-176. Globular cells (£=GTH) and vesi-
cular ce1ls (z and &:ggg) of fema}e whitespot-
Ited;ghars sémpled in January; Fié. 174:' o
methy;ene blue s#ain of an Epon-embedded,

semithin section, X1000.



Plate

61



| Plate 62
Figs'.,17"?—l80.. Globular cells (g and g:ﬁ_@_]!;) and
vesicular cells (» and y_-_-g_Tg_) of male whie-
épotted chars sampled in Jx;p.é (Fig%s..k 177 and

178) and September (Figs.. 179 and 180_)‘.
F‘ilgs‘. 177 and 179: methylene blue stain of
Epon—-embedded, semithin sections, XlOOO'.
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Plate 63 |
Pigs. 181 and 182. Gonadotrophs (g and GTH) of

female rainbow trout, Salmo gairdneri. Fig.

181: methylene blue stain of an Epon-embedded,

semithin section, X1000.
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Plate 64
Figs. 183 and 184. Conadotrophs (g and GIH) of

male goldfish, Cara..ssi‘us‘ é.urati:.s.._ Fig. 183«
methylene blue sfc&in_. of an Epon-embedded,

semithin section, ¥ 1000,
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Plate 65
Figs. 185-188. Gonadotrophs (g and GTH) of female

dapanese eel, Anguilla’igponic;! of initial
control group (Figs. 185 and 186), and those
matured artificially to GSI of 10% (_Fig'. 186)

and 20% (Fig. 187). Figs; 185 and 187: methylene
blue stain of Epon-embedded, semithin sections,

X1000,
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Plate 66
Pig. 189, Gonadotrophs (GTH) of a female Japanese
eel matured artificially to GSI of 30%



Plate

66



Plate 67 |
Figs-. 190'—19,3’. Gonadotrophs (g and GTH) of female
| Japanesé eels ovulated spontaneously (Figs‘.
190 and 191) and those matured artificially to
GSI of 60% (Pigs. 192 and 193). Figs'._ 19‘0‘and
192: methylene 'Biue stain of E‘pon—embedded,

‘semithin sections, X1000,
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