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Blockode of Photoperiodically lnduced Testicular Growth

　　by Hypothalo mic Decl仔ｅｒｅｎｔａｔｉｏｎｉｎ ＪｏｐｏｎｅｓｅＱｕａｉｌ

　　　　　　　　　　　{Ｃｏｆｕｒｎｊｘｃｏｆｕｍｊｘｊｏｐｏｎｉｃｏ}

　　　　　　　　　　　　　　　　ＸＩＡＳＡＲＵＶＶＡＤＡ

　　　　　　　ｊ石s,祓i3fal･i･n6jji�o17icaZSlalio?z，む7?jt･6rsi匈司7'rjA7･μQ.

　　　　　　　　　　　jyisaたIT.瓦aηa17a籾a-&en,23S-∂j,jaμa7&

　　　　　　　　　　　　　　　　　　R,･･,･1,ivedSel.〕t,emher3，1973

　　Compld(!d(!aferentation of the medial basal hypothalamus block(,dt{!sticular

growlh　or　indllcnd t.esticularatrophy (dysfunction)in photostimulatcヽd Japanese

qllail.PAS-positive(PAS4)basophil cells of the adenohypophysis ivere　inactive

or r叩ressed.Frol山d half-cuts induced the same rcsults but rear half-euts wel･e

inefTectivc.These results indicate that the neural stimuli evoked by long daily

phot.operiods are tl･ansferred fl･om other brain area(s)to thc medial basal hy-

prjthalaml】st･hroughitsanterodorsa,l border.The isolated region includcs thenucleus

l.1.1heris，whl(,his probably the source of gonadotropin-rcleasing factor. Adrcnals and

thvl･oids　u7elle　rnaintllined　after　complete　deaferentation　of　the　medial　basal

hvpollmlamus.

　Recently，hypothalamic eontrol　of　the　Halasz and Gorski， 1967; volschin 召1一.，

pituitnry－gonadal axis has been extensively　1968; K6ves and Halasz， 1970）.hl t,hesc

explored in birds（for review， see Farner　experiments，gonadotropin　secretion lvas

daし］967; Dodd d α1.，1971； Kobayashi　evaluated by observing ovarian　and tes-

and　Wada，1973）.The　ventral　hypo-　ticular histology. However， when levcls of

tJhalamus　is　involved　in　photostimulated　circulating FSH， LH，and prolactin were

testicular growth and maintenance of go-　measured　by　radioimmunoassay，it　was

nadal activity in white-crowned sparrows， evident that tonic　gonadotropin secretion

cock｛,rels，tree　sparrolvs，and　Japanese　also was depressed after complete deatTcr-

quail（Wilson，1967，1970; Graber d α1･，entation（Blake d �.，1972，1973）.ln the

1967;　Sharp　and　Follett，1969;　Stetson，amphibian，拓ma l四z7Jaraγia，a series of

1969，1972a－d; Wada， 1972，1974; Cusick　experiments （Dierickx，1964－1967）showed

and Wilson， 1972; Sharp， 1972； Ravona　that the hypothalamic gonadotropic center

d�.，1973a,b）.Howeverjt is not known　（pars ventralis tuberis）is not subjeet to

whether the ventral　hypothalamus　fune-　　higher neural control but is largely auton-

tions　autonomously　or　is　controlled　by　omous　for　gametogenesis　and　seasonal

other brain regions.　　　　　　　　　　　　　　development of gonads; information from

　Tn rats，the medial basal hypothalamus　the preoptic area to the gonadotropic center

was isolated by a small knife from other　is requircd for ovulation. ln avian species，

brain areas,and it was found that phasic go-　Wilson and Hands （1968）cut the aldehyde-

nadotropin secretionxvasregulated by the　fuchsin positive（AFj supraoptieo－hypoph-

preoptic anterior hypothalamic areas， but　yseal tract just behind the optic chiasma

tonic gonadotropin secretion was controlled　in　the　American　tree　sparrow，Sが2611a

by autonomous activity of the medial basal　arl）6r6a，and observed no efrect on photo-

hypothalamus（HalAsz　and　Pupp，1965;　stimulated test,iculargrowth.However，no
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experinlent such　as compl(ltc　deaffercnta-

tion of the medial basal hvpotalamus in

birds has bcen done.

　The present experimcnts on deafferenta-

t,ionlver(le11rried out to determine whether

the　avian　nledial　hvpothalamus　is　con-

　　　　　　　　　　　　　　乱jt,rolled by other brain areas， especially in

connection with photop[!riodic stimulation

�gonadal development.

　　　　　]MATERIALS AND IMETHODS

　Male Japanese　quai1[C�u｡7㎡z　colg㎡z　ja-

?]o㎡c,l)　lx7ereobtained froln a conllnerical source

at t,he age of 3 wk and kept under a shol･t daily

photjoperiod of 8L 16D (light from 0800 to 1600)for

2-3 wk h�ore transfer to a long daily photoperiod

of 16L 8D (light from 0800 t,o 2400).They were

divided into three groups. Group l was subjected

to hypothalamic deaflel･entation on the day of

transfer to long days. Group 2 was operated after

2-wk photostimulation， and Group 3 was deafTer-

entated after 4-wk photostimulation. Each group

had sham-operated controls. The birds were kept

on cornrnercial quail food and water. They were

kined 2 wk after the operation.

　A knife for the hvpothalamic deafTerentation

　　　　　　　　　　　　・was made as follows: One end of a stainless stcel

wire(0.6 mm diam)was sharpened to form a

double-edged knife. Then the knife was bent in

the shape of a bayonet (Fig.la).This knife was

inserted into a stainless steel tube (20 gauge)and

the other end was bent to form a handle to turn

easilv.This　handle　also　indicates　the　angular
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　FIG. 1. ’Schematic drawings of（a）t.he knifeas-

sembly，and（♭）theareaisolated by the knife cut

（thick line）.AC，anterior commissure; AME， an-

terior median eminence; HAM， nucleus hypothala-

micusanterior medialis; HI，nucleus hypothalamieus

inferior; HPlyr，nucleus hypothalamicus posterior

medialis; MM， nucleus mammillalis medialis; NT，

nucleus tuberis; OC， optic chiasma; PCj posterior

commissure; PD， pars distalis; PME， posterior

median eminence; PN， pars nervosa; PV， nucleus

paraventricularis;SOj nucleus supraopticus.

posltion of the knife(Halisz and Pupp， 1965).

　　The kllillenss｡mb]ylvnsattjlched toa，stereo-

Laxic　叩μ1】･,dus.A　I)il･d was aneslhelizr,d　with

N円1llnjlal and fixed on a ste】･eotaxic appal'atus

in s1】,!ha posilTion that the median eminence M'as

nuully horizontal(Wada，1972).The knife was

illserted thl･ough a hole in tk skull made bv a

　　　　　　　　　l一　　　　　　　　　　　　　　　　　　　　●･dcnt.al drin. T11e blad(，of t,he knife was on the

median plane while being lowered. An x-rav ex-

posure was hlken fronl the side and the desired

level of the knifeM7nsattained bv referl･ing to the

　　　　　　　　　　　　　　　　　　　　・　　　　　J･radiop･叩h.T]len the knifeivllstm･nedonce360

degr｡es(complete　dealTel･entation，CD).The

knife assemhlv was rl!ised slowly and head skin

was sutured. Scrial sections of the hvpothalamus

of CD bi】･dkilled after 2 wk are shown in Fig. 2.

The　deafTel･entated　arca　includes　thc　nucleus

tuberis，nucleus hypothalamicus inferiorj nucleus

mammilaris medialis，anda ventral pal･t of the

nudeus hypot,halamicus posterior medialis(Fig.

lb)(van Tienhoven and JuhAsz， 1962)；Oksche

d a2. (1972)designated all these nuclei t.he in-

fundibular nuclear complex as a whole. ln sub-

groups of Group l，the knife was turned anteriorly

and，after insertion， rotated only 99 degrces to

the right and left of midline(frontal half-cut｡

FC)or the　knife was turned　posteriorly　and

rotated only 90 degrees to the l･ight and left

(rear half-cut， RC).Sham-operated control birds

were subjected to the same procedures without

rotating the knife.

　　Body weight and cloacal protrusion were noted

every other　day during the　experiments.Two

weeks after operation， the birds of each group were

kiUed　by　deeapitation.The hypothalamus was

nxed in Bouin's solution， cmbcdded in para伍n，

sectioned　serially at　10 μm，and stained with

aldehyde　fuchsin　and　toluidine　blue　O(Asai

d�｡，1969)｡0nly those birds in which deafier-

entation was verified histologically are included

in the results. The testes， adrenals，thyroids，and

adenohypophyses　were　weighed on　a torsion

balance and then fixed in Bouin's solution， em-

bedded in parafnn， and sectioned at 6 μm.The

testes，adrenals，and thyr〔〕idswere stained with

hematoxylin　and　eosin.The　adenohypophyses

were　stained　with　periodic　acid-Schiff(PAS)，

alcian　blue，and　orange　G.The　gonadotropie

activity of eaeh birdwas assessed on the basis

of histological observations of the adenohypoph-

ysis and testes，and the degree of development

of the cloacal protrusion.

　　　　　　　　　　　RESULTS

　The mortality rate after CD was about
65％.lf the knife position was too low，
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　FIG.2.A seriesof sectionsnf a hypothalamus 2 wk after complete dealTerentation.Arrows indicate the

cut.AF-toluidine blue 0. ×18.
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mortalityl¥as very high. ln a11 CD birds，

AF4 material in the zona ext;erna of the

anterior median eminence， the丘ber layer

of　the　median　eminence，and　the　pars

nervosa was small in amount or had com-

pletely disappeared.AII CD birds had some

degrees of diabetes insipidus; they drank

much water， and the cage noors were al-

ways　wet.However，the　deafferentated

area of the hypothalamus apparently main-

tained its normal structure as shown in

Fig.2; the tubero-eminential system was

preserved during the experimental period.

GrQ男J j. Q7)6ral仙?z召6加r6

　P＆)lasli??mla£ia7z

　Complete deaflerentation of the medial

basal hypothalamus prevented photostim-

ulated　testicular　growth(Table　l).CD

birds had smalljmmature testes containing

only spermatogonia and Sertoli cells.Con-

trol birds had developing testes containing

spermatocytes.The　cloaeal protrusion of

CD birds did not develop in contrastto the

normal　development observed　in　control

birds(Fig.3).ln the adenohypophyses of

the CD　birds，PAS+basophil cells M7ere

small and infrequent as in immature birds.

ln the adenohypophyses of control birds，

PAS+　basophil　eells were　nurnerous　and

greater in volume in the central region of

the cephalie lobe than was the case in the

CD birds. Weight of the adenohypophyses

of the CD birds was less than t,hat of

control birds rTable l).
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　　　21　　　28

�Ph(ﾇostlmLjati(xl

35 42

・　FIG.3.Typical examples of development of clo-

acal protrusions　of contro1 （0，△，□）and CD

（●，▲，■）quail. Arrows indicate day of operation.
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　ln the birds receiving a FC， testicular

growth was also prevented， whereas a RC

did not prevent testicular growth（Table

1）.ln FC birds， one bird had somewhat

larger　testes（172　mg）than the　others

（35.6け6｡4,8.79 mg）.Howeverjheir cloacal

protrusions were all small and undeveloped｡

　Adrenals and thyroids seemed active after

complete dea汀erentation.Thyroidal weight

of the CD birds was inclined to be less

than that of control birds （0.1＜7）く0.2）.

Howeverけhe histological appearance of the

thyroids in two groups was about the same.

Gro男心g.0p6r�io7l jμ6r j IF66/csj

　Photo8tim址aGon

　Hypothalamic　deafTerentation　was　un-

dertaken 2 wk after transfer to long daily

photoperiods，and birds were kept under

the same photoperiod for 2 more wk before

autopsy. ln the control birds the cloacal

protrusion　continued　to　develop　and　at-

tained nearly the maximal level， but in

the CD　birds the　cloacal protrusion de-

creased　just　after　the　operation　and

reached the initial level after 2 wk（Fig.

3）.The testes also decreased to the initial

state　in　the　CD　birds（Table　1）；　they

showed only spermatogonia. ln thecontrol

birdsけhe testes reached their highest levels;

they　contained　spermatozoa.Adenohy-

pophyses　of　the　CD　birds　weighed　less

than those of the control birds （Table 1）.

Hist,ologically，PAS+material　seemed　to

aceumulate in the basophil cells in the CD

birds｡

　ln both CD and control birds， adrenals

and thyroids were similar in weight and

histological profile.

0･oﾌﾊﾞﾌ。０芦r�仙7Hzμer 4 TFedど

　Pkoto8uｍ逗(1tion

　Hypothalamic　dea汀erentation　was　un-

dertaken 4 wk after transfer to long days，

and birds were kept 2 more wk on long

days before autopsy. Testicular weight and

the cloacal protrusion were their highest

leveon thecontrol birds （Table l and Fig.

3）.ln the CD birds，the cloacal protrusion

decreased just after dea汀erentation（Fig.

3），and the testes atrophied （Table l）.

Histological features of the basophil cells
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of the　adenohypophysis in the　CD　bird

were similar to those of the CD birds of

Group　2;　PAS‘　material　seemed　to　ac-

cumulate in the basophil cells.

　The thvroids of the CD bird were ver　　　　　　，　　　　　　　　　　　　　　　　　y

low in weight compared to those of the

eontrol birds. However，the epithelial cells

were rather high in this bird.

　　　　　　　　　DISCUSS10N

　The　present experiments indicate that，

deaferentation of the ventral hypothalamus

inhibits photostimulated testicular growth.

These findings may be correlated with the

following results obtained mostly by other

investigators.

　(1)FRF and LRF are contained in the

hypothalamus of the chicken(Kamiyoshi

d al.，1969; Tanaka d �.，1969; Jackson

and Nalbandov，1969;　Jackson，1971a,b;

Opel and Leopore， 1972).The basal hypo-

thalamus of Japanese quail also contain

LRF(Follett，1970;　Smit,h　and　Follett，

1972).Gonadotropin-releasing factor (GRF)

seems to be svnthesized in neurosecretory

neurons in the nucleus tuberis of the hypo-

thalamus as suggested by the fact that

puromycin　implanted　into　the　nucleus

tuberis inhibits photostimulated testicular

growth(Wada，1974).Lesion experiments

also indicate that the basal infundibular

nucleus(i.e.，nucleustuberis)is involved

in photostimulated testicular growt.h and

maintenance of gonadal activity in several

speciesjncluding quail (IVilson，1967; Gra-

ber　d　al.，1967;　Stetson，1969，1972a,b;

Sharp　and　Follett，1969;　Ravona　d　�.，

1973a,bj.

　(2j　The　neurosecretory neurons in the

nueleus tuberis might be regulated by both

monoaminergic and cholinergic meehanisms.

The neuropiles of the neurons are rich in

the　moTloamine　fluoreseence　in　several

sp(,eies fSharp and Follett， 1968; Oehmke，

1969; Oehmke d �･,1969; Soest d al･，1973)

and in monoamine oxidase (Uran0，1968).

Furthcrmore，electron microscopic observa-

t,ions　showed　that　the　neuropiles　of　the

nueleus tuberis contain monoamine gran-

ules 100 nm in diameter (Oehmke d �.，

19691.Around perikarya of t.he neurons in

the mlcleus tuberis there　are　a】so　axons

containing synaptic　vesicles in the house

sparrow(Oehmke d al.，1969).The nucleus

tuberis of J apanese quail is innervated by

axons that contain only synaptic vesicles

(Wada，unpublished).Aeetylcholinesterase

is present in the perikarya of the llucleus

tuberis　of　ZQs16γops　μzゆｏむ9･osα　7a声)一ca

(Uemura， 1964).lt seems likely， therefore，

t,hat the neurons producing GRF are con-

t,rolled bv both monoaminer ic and cholin-　　　　　，　　　　　　　　　　　g

erglc mechanlsms.

　Considering the fhldings mentioned above，

it is plausible to conclude thatjn the pres-

ent experiments， axons that transfer photo-

periodic information from the photorecep-

tor(s)to the nucleus tuberis were cut. This

also　indicates　that　the　photoreceptor　is

located out･side of the deafTerentated area.

After　interruption　of　these　axons　the

nucleus tuberis wasnot stimulated by light

t,orelease GRF and this resulted in atrophy

of the testes.

　After lesioning the dorsomedial nucleus

in the hypothalamus (dorsal to the nucleus

tuberis)，t,esticular growth by photostim-

ulation　was　abolished　in　，1apanese　quail

(Sharp　and　Fonett，1969).The　nucleus

contains　monoamine　nuorescence(Sharp

and Follett，1968;　Soest d �･，1973).lt

is　possible，therefore，that　photoperiodic

information is transferred to this nucleus

at nrst and then relayed to the nucleus

tuberis.

　The results are different from those ob-

tained in male rats， where the medial basal

hypothalamus can maintain tonic release

of gonadotropins (HalAsz and Pupp， 1965;

volschin d al.，1968).However， recently

Blake ｄｄ.(1973)showed by radioim-

munoassav　of　cireulating FSH　and　LH

that tonie release of gonadotropins in male

rats　was　also　reduced　after　t,otal　hypo-

thalamie　deafTerentation.The present; re-

sults　are　also　difTerent　from　those　of

沢.am7)∂raria，in which nornlal gameto-

genesis and　seasonal development of the

gonads occurred after isolation of the pars

ventralis　tuberis(Dicrickx，1964-1967).

Secretion of gonadotropins in the ，lapanese

quail　seems　t,o　be(ヽompletely　abolished

after　complet(ヽdeafTerentation　of　the

m(ヽdial　basal　hypothnlamus.variations
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among species investigated may conceiv-

ablv be due to differences in the degree of

dependenceupon the environmental photo-

periodic changc｡
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