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E仔ect of HyPothcllomic lmplonta↑ion of PUromycin

　　on　PhotostimUlo↑ed TesticUlor Grow↑h in the

　　JOPoneseQu・il(Coturnix coｔｕｒｎｌｘｌａｐo�cQ)
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　　W11en a mixh】rn of pullomycin and cholest.elol（1 :50 by weight･）was implanted in

th｡ ll,niel一一iorpart of the nucleus tubel･is，photostimulated testicular gllowth and de-

VRlopmenl; of t.he（11oacal pl’ot.rusionivereimpaired.VVhen the implants were placed

in ih｡posl:erior part of the nuc･leus tuberis t.,esiiculargl･owth was not afected， but

dlnj･1,1ollment of the cloacal protrusion Was inhibited. lmplantsin other hypothalamic

l.111eashadnoefyedon the development of the testes or the cloacal prot,rusion.These

resull.s suggest that t,he nucleus tuberis is the site of synthesis of the gonadotropin-

l･ehlsing factor（s）and that their pr｡duetion and release are induced by photo-

stinnllation.

　Ａ比hough it is generany aceepted th,at in

mamma.ls the hypothalamus produces re-

leasing　factors　that　control　adenohypo-

physia】functions， the hypothalamie nuclei

which produce these factors have not been

identjfied.This　is also the case with the

avian　hypothalamohypophysial　system.

Lesion　experiments　designed to　find cen-

ter（s）contromng　the　adenohypophysis

suggest that t,he ventral hypothalamus is

involved in the regulation of gonadotropin

secretion in birds （Wilson，1967; Stetson，

1969a,b； 1972a,b; Sharp and FOIlett， 1969）.

However，lesions destroy not only neurona,1

perikarya but also their fibers， 91ial cells，

叩endymal cells and their processes， Thus，

it is dimcult to det.ermine the exact sites

produeing releasing factors by this method.

　Puromvcin is knoivn　to inhibit， protein

　　　　　・synthesis油t瓦斑）ａｎｄ油石1ro.Forexalnple，

puromyein injeeted into the subarachnoidal

space　inhibited　the　formation　of　neuro-

seeretorv material　in the rat　ぐZambrano

and De Robertis， 19671.Recently，we have

shoM7n　that　puromycin　implanted　in　the

　　　　　　　　　　　　　　　　　　　　　　　　54

Copyright＠1974 by Academic Press, lnc.

A11 rights of reproduction ina,ny form reserved.

paraventri（lular　nucleus　and　supraopt,ie

nucleus of th｛lrat inhibited the formation

of　neurohypophysial　hormones　in　the

neurosecretory neurons in these areas， re.

sulting in　inerease of water intake and

11゛ine exrrdion （Saxena d α1.，!972）.

　Tn　t,he　present　study，the　author　im-

p】anted　pllromycin　into　various　parts　of

the quan hypothalamus and tried to find

the nuclei which responded t,o puromvcin

implantation by inhibiting photost.imu】ated

t,est,iclllargrowth. The nucleus effeeted by

t,he　implantation may be assumed to be

the site of production of the gonadotropin-

releasing factor （GRF）｡

　　　　MATERIALS AND METHODS

　Male　Japanese　quails（Calum＆　coltzr㎡z

みゆQ�cα）were　obtained　from　a　c,ommercial

source at the age of 21 days and kept under a

short　daily　photoperiod　of 8L　16D（lights on

fl･om　800　to　1600）for about 2 weeks before

pllrnmycin implantation. lmplantation was per-

formed at the age of 32-38 days. 0n the day of

implantation，the birdsiveretransferred to a long
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d・1,･Tlh,･)l.oljel･iodof 16L 8D (lights on fl･om 800

1････2400.)，and kq.lt.und,!r this pholol-1円･iod fol･ 10

davs　lo　stimulnte　testieuh11･μ1･o,,･1h.Food　1111d

wlltcr wel‘egiven ad 】ihialn1.

　　Pummv,4n　dil】v山一o,.,hlorid,j　and　cholestel･ol

ぼjh)rN･lerck and Co.)were mi,xed in a small

anlonnt｡of cther in l･alios of l:500 and l:50 by

wf･ighl.Et,hel･lvnsl,henevapollltl,r,d alld the mix-

ture wns tamped illto the tel･mina1 1〕ol剥on of a

28-ga,usze　stain】ess　steel　t,ube(inside　dillmeter

about 0.2mm).The tuhes containing the mixture

lvere　仙en implant.ed bilat{!raUy into the hypo-

thalamus approximat,ely 0.3-0.5mmh!tel･al t.o t,he

third ventl･icle.Thn tips of thc tubes were placed

in t,he desil･ed posn.ions with t.he aid of a stereo-

taxic llpparatus and x-ray equipment. The tubl!s

ivr?1･efixed to thecllanial bone by dental cement

aTld lwo anchoring serews. Birds with tubes con-

taining only Ch scrved as contlols. The details

of tl犯implantation tcchnique were descl･ibed in

a previo・paper(Wada，1972).

　　Body weight and cloacal protrusion wcre noted

daily　during　photostimulation.lt　has　already

bRen esiahlished that development of the doacal

prohlusion depends entirely on testicu】ar androgen

(Sachs，1969).0n the day of the start of the ex-

periment，the feathers in the cloacal region were

plueked to faeilitate the cloacal measurements， as

suggested by Sachs (1969).The eloacal protrusion

was measured from the middle of the posterior

lip of t.he cloaca to the posterior edge of t.he pl･o-

tn】sion and aeross　the protrusion at its widest

point.The relative cloaeal protrusion area (mm°/

100g BW)was calculated from these values and

the percent increaseof the cloacal protrusion was

calculat,ed　from　the　diflerence　between　initial

(day of implantation)and final determinations

of the relative areas.After 10 days3 photostimu-

lation，the birdsM7erekilled by decapitation，･and

the hypothalamic regions were dissected out after

removal of the skull with its implanted tubes.

The　hypothalamic region was fixed in Bouin゛s

soh】tion，embedded　in　para伍n，and　sectioned

seriaUy　at　10　μm.The　sections　were　stained

dol】bly wit,h　paraldehyde fuchsin　and toluidine

blue O (Asai d �..1969).The testes. adrenals，

t,11yroids，and adenohypophyses were weighed at

autopsy. The testes were fixed in Bouinls solution，

seetioned at，6μm and stained with hematoxvlin

and eosin.

　　The sit,es of the tips of implanted t.1】besMyere

deijermined　from　the　histological　sections　and

proje('ted on a diagram of the midsagittal plane

of　the　quail　brain.The　narnes　of the　hypo-

thalamic nuclei were obtained bv reference to the

brain atlas of the domestic fowl bv van Tien-

hoven and Juhisz (1962).

ａこ）

　　　　　　　　　nl£sULTs

/･n｡fa.d 6･,･ぴ1ゆ(G,･,｡則男･ja?一刻

　Afh･1･　10　davs'phot,ostilnulati(m.the

t,ヽst,ヽs　and　c)oacal　protrusions　of　all　the

il山u･t　】)h�.oμinlulated　birds(Grollp　1)

d{ヽvelop(･d greatly， while those of the non-

photostjmulat('d birds(Groul)2)did not

lTabh，lj.The　seminiferolls　tubules　of

phot.ostjm111ated　birds　becanle　larger　and

contain(ヽd　spermatocytes.　Those　of　the

nonphot.ostimulated birds were very com-

pad　aTld　contained　only　spermatogonia.

TIle adrenals and thvroids showed no sig-

11ifh,al･ltdifTerenee　in weight between the

　　　　　　　　　　　　　　　－t,woμoups. The adenohypophyses of the

photostimulat(ヽd birds Myere　heavier t,han

thosc()f　the　nom】hotostimulated　birds

(Table l).

C/IQ11?sl｡,･oZ G7･Q?£p(G･ro･lzp S)

　Chohヽst(ヽrol implants were placed in the

basal　hyl)othalamus，the　nucleus tuberis，

m】clells hypotllahlmicus posterior medialis，

and　nucleus　hypothalamic　inferior.The

t,tヽstesof the cholcsterol-implanted quails

dcvelop(ヽd markcdly; they did nd show a

signincant，difileren(le in weig!1t from tbose

in　the　photostimulated　group.　However，

the cloacal protrusion was less developed

than in the intact photostimulatcd group

ゆ＜0.01)(Table　l).This may be .at-

trihllt(ヽd　to　the　im111ant　operation.The

adrenals，thyroids，and　adenohypophyses

of tlぷgroup were not signifieantly di狸erent

in weight from t,hose of t,he intact photo-

st,ilnuhlt.edquails.

RI,ra｡,1μ泌-Ｃ＆心s＆ralり:卯θ)lml)I(mted

　Grnp(GrQ噸s4，5 and∂)

　Thirty-one　quail　were　implanted　with

tubes containing a mixture of puromycin

and　cholesterol(I:500)；　these　were　im-

plant,ed　in　t,he　hypothalamus　and　other

areas(Fig.1).ln all but one quail develop-

m(｀11tof the testes and cloacal protrusions

was similar to that in the cholesterol im-

phlnt.ed birds(Table l).ln the cxceptional

qllail　development of t!le　cloacal　protru-

sion(60.0％　increase)　Mｱas　delayed，al-

tho!lgh the dcvelopment of t,he testes (256

mgl　was about，normalfor the grollp. ln
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　F】(j.1.The sites of puromvcin and choleslel･ol

M:500)implant,s in t,he hypot,halamic region 0.3-〔〕.5

mm lateral t,o the third vent,ricle.The sites of t,he

↑,ips�･the tubes alld t,he nucleia,reprojected on the

midsagittal plane. 0j An implant Causillg no enleCt

on t･sticular growt,h and cloacal development,;●，

an implant inducing a moderate efTect on cloacal

development.AC＝anterior commissure; AME ＝

aTlt,eriormedian eminen{le; HANI ＝nucleus hypo-

1,halamicus anterior medialis: HI＝nucleus hvpo-

thalamic inferior; HPixjl ＝nueleus hypothalamicus

posterior　medialis;　X【IM＝nucleus　mammillaris

medialis; NT＝nucleus tuberis: OC＝optic chi-

8sm; PC ＝posterior commissure; PD ＝pars dis-

talis; PIVrE＝post,erior median eminence; PN＝

pars nervosa; PV ＝nucleus paraventricularis mag-

nocellularis; SI-SE＝stratum　cellulare internum

and stratum cellulare externum region; SO ＝nu-

cleus supraopticus.

this quail， the implant; was placed in an

anterior　peripheral region　of the nucleus

tuberis(IFig.1).The　weights　of　other

endocrine organs were the same as in the

contlol birds.

　]Vlicroscopic　examination　revealed　that

the　neuronal　perikarya　in　the　rcgions

around　the　tips　of　the　implanted　tubes

cont,aining puromyein of this concentration

were apparently the same as those of the

Ch group.

JPwQmW伍-Ｃゐ心sj!εΓol(1=501
1ml)lasted

　GrQ卯(Ｇｒｏ卯s 7， Sﾘndjθ)

　Puromycin at a　concentration of l : 50

was　implanted into t,he hypothalamus of

44 quails.

　ln Group 7，five birds received implants

in the ant43rior part of t.he nucleus t･uberis.

ln nearlv all these birds the development

－ 一 一

57

of testes and cloacal pr()trusion was de-

layed.The only　exception was one quail

whose　test,icular　growth　was normal　but

cloaeal growth was disturbed (334 mg and

79.8％　increase，Figs.　2a,b，and　3).Five

birds of Group 8 received implants in the

posterior part of the nueleus tuberis. Three

of thenl showed excellent testicular growth

but　delaved　developmen七　〇f　the　eloaeal

prot,rllsion.The remaining two birds bear-

ing implants in the ventral region of the

posterior　nucleus　tuberis　had　delayed

testic111argrowth; the development of the
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　FIG.2.The sit,esof puromycin and cholesterol

（1:50）implants in the hypothalamic region 0.3-0.5

mm lateral t･othe third ventricle.（a）EfTeet on

test,iculargrowth.0，An　implant indueing no

efTeet;｛｝，animplant having a moderate efTect on

testiculargrowth; ●，an implant having a stronger

e仔ect.（b）E仔ed on development of the eloacal

protrusion.0，An implant having no efTect;●）jan

implant having weak inhibition on cloacal develop-

ment;●jmplant inducing stronger efrect.Abbrevi-

ations are same as in Fig. 1.
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　FI,;｡:･l.Xli,･1･,嘔l･,1ph。f vel山一nl hypo↑.halamns wit.h bilateral puromyci11 ():5田iml地山ls illlll{，IIII,･lells

tllhpl･is.The imphil,t (･n心e,hlelnyed development of the testes and t,he cloll,･nlpll･)111usi,jl-l.×:･15.

　FI(l. 4. Xlicrogl･aph 。1111eul･ollsin lhe nucleus t,uberis from just, below lhe top �≒1.tl山e c,lllhlillilla，･h｡－

lest111･lll.×700.

　FI･1. 5. Mi{,1･ogl･11･ph�11,ヽlll･｡11si11 1he mu!leus t,uberis from just･ below llMりilj of jllllhe 。｡1山山lillg n.

mixllll･｡ ，111pull･･mycill alld l･h,11esterol (1:50).Note t,hat nuc】eardianlelelヽS al･e snmlh=md lh{･ammmt�

‘'yt}‘lpl,1.smis l･educed ill lhese nelu･ons {･ompared to thoseof the cholestel･oh･nl山一ol bil･ds {Fig.4}｡×7{10.

c】oar,al protl･usion wlts llol･mal in one bird

a,11dillhn)ited in th,･ oth(･1･｡

　ln(;roup 9. the tips of thc implants were

plac(!d in thc dorsal pcripheral regions of

t,|!emlcl(,us tubcris. 0ne quail in this group

had t.he tips in the anterior peripheral part

of t,he mlcl(,us tubcris alld had delaved de-

vel叩meTlt of both orμms.Four birds bear-

ing the implants in the postcrior peripheral

rcgions of the nucleus tuberis demonstrated

normal development of the testes， butde-

layed growth of the cloacal protrusions.

Development of the testes a,lldthe cloacal

protrusion was ulmfTectcd in the remai】lillg

five birds which bore the implants in the

middle part of the periph(!ralregions of t,he

nucleus tuberis｡

　The　implants　in　areas　other than the

nucleus tuberis(Group 10)，ineluding the

dorsal basal hypothalamus， did not have

any efreet on testicular and cloacal growth

(Table l and Fig. 2a,b)｡

　Histological　observations　of　the　hypo-

thalamus showed t,hat the neurons in the
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regions just under t,he tips of the tubes ccn-

taining　pul･omycin　of　this　eon（lentra,tion

had smaHer nuclei and less cytoplasm t.han

those near the cholesterol implant.s（Figs.

4 and 5）.

　Purolnycin implants（1:5m　in the hy-

pothalamus　tended　to　inhibit　in（lrease　of

body weight （signin（lant,in Group ）0，see

Table l）.］Xloreover，imp】ants in t,he ante-

rior　nucleus　tuberis　and　the　l】eripheral

regions of the nucle1】s tuberis caused the

adrenals　to　increase　in　weight　compared

with the cholesterol birds.

　　　　　　　　　DISCUSSION

　A mixture of puromvcin and cholesterol

（1:50）implanted　in　the　nucleus tuberis

rcgion induced delayed development of t,he

testes and cloacal protrusion. These nnd-

ings suggest that t.he synthesis of proteins

or polypeptides inchlding the gonadotropin

releasiTlg faetor（GRF）was　inhibit･ed by

puromycin and that the nucleus tuberis is

the site of GRF production. The lower con-

eentration　of　puromycin　and　cholesterol

（1:500）did not afTect the development of

the teste･s and the cloacal protrusion. Sev-

eral investigators have shown that lesions

in t,he ventral hypothalamus prevent go-

nadal development in the White-crowned

Sparrow（Wilson，1967; Stetson， 1969a），

in the chicken（Graber d al.，1967j，and

in the Japanese quail（Sharp and Follett，

1969;　Stetson， 1969b，1972a,b）.These re-

s1】ltsalso suggest that the nucleus t,uberis

mav be the site of GRF production， sincc

the areas lesioned efrectively in those ex-

periments include the nueleus tuberis.

　The　nucleus tllberis， here　ident消ed　on

the basis of studies by van Tienhoven and

,luh4sz（19621，seems to be identical to the

basal laver of the n1】cleus infundibularis

studied　by　oehmke（19･68，1969，1971）.

This basal laver of t,he nucleus inhmdibl】-

laris in the passerine birds （Oehmke，1969;

Oehmke　d　aZ.，19691　and　the　nucleus

tuberis　of　the　quail（Sharp　and　FOIlett，

!998，1970）contain the neurons wit,h posi-

tive　monoamine　nuorescenee.The　basal

laver　of　the　nucleus　infundibularis　also

contains the neurons which are not mon-

oamine fhlorescent（Ok.sche d al.，1970，

59

1972）.0kschｅｄｄｌ. （1972）have shown by

morplmmetric t.echniques that the latter

ncurons canbe activated by photostimula-

tion.These results suggest that the non-

monoaminergic　neurons　in　the　nucleus

tuberis are t,he sit,e of GRF production.

This idea is further supported by the faet

that,gonadotropin-releasing activity in the

basal hypothalamus of the photostimulated

quail is higher than that of nonphotost,imu-

lated quail（Follett，1970）.GRF produc-

t,i｛mseenls　to be inhibited by testosterone

since the implantati（m of this steroid into

t,he　mlcleus　tuberis　inhibits　testicular

growth in ･the tree sparrow, 知ら･dαarl）Qr6a

rWilson，1970; Cusiek and Wilson， 1972）

and in the .lapanese quail （Wada，1972;

Stetson，1972c）.

　Graber d �ﾊﾞ1967j showed that in the

cockerel　lesions　destroying the po,sterior

part　of the　tuberal　nucleus　or the tract

proceeding to the posterior pa.rt of the an-

terior median eminenee efTected the inter-

stitial cells of the testes and inhibited eomb

growth.They su四ested that the posterior

part of the tuberal nucleus might ･be in-

volved in LH secretion. More recently，

Stetson（1969b，1972a,b）has demonstrated

bv lesioning experiments that in the quail

the　anterior　port.ion　of　t,he　basal　hypo-

thalamus（inflmdibular nuclear complex）

controls the release of FSH and the pos-

terior portion controls t,he release of LH.

This is based on the finding that destruc-

tion of the anterior portion induced regres-

sion of t.he seminiferous tubules in males

and regression of the ovary and oviduct in

females，and destruction of the posterior

portion induced regression of both gameto-

叩nic　and　cndocrine　components　of　the

testes in males and cessation of ovulation

in females. The present, results support,the

idea that,the posterior part of t.he nucleus

tuberis controls the release of LH， because

p11romycin implanted in t,he posterior part

of the nuclel】s tuberis did not inhibit the

growth of the testes，but disturbed the de-

velopment，of the cloacal protrusion. This

means that in these test,es spermatogenesis，

whieh is lmder the control of FSH， was not

inhibited，but t.heact.ivity of the interstitial

ceUs，which is regulated by LH， was in-
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hibited.lt lms also been suggested that

testosterone implants in the posterior part

of the nudeus tuberis dTect onlv LH secre-

tion as revealed bv moderate inhibition of

testicular growth and severe inhibition of

the　cloacal　protrusion　and　seminal sac

（Wada、1972; Stetson、 1972c; Cusick

Wilson、19721.

　Sharp and Follet.t（1969）showed

ａｎｄ

1esioning studies that, two areasけｈｅ ｎｕｄ

by

eUS

tuberis and t.he nucleus in the dorsal basal

hypot,halanlus　around the paraventricular

organ， are required t･o be intact for photo-

stimulation to induce testicular growth in

the　ql】ail.The　present　study，however，

shows that the nucleus tuberis is the only

area　which　is　necessarv　for　t,est,icular

growth.The　nucleus　in　the　dorsal　basal

hypothalamus，which　is　identical　to　the

nucleus hypothalamic inferior in this pres-

entation，does not; seem to be involvcd di-

reetly in testicular development （Table 1，

Group 10; Fig. 2a,b）.Sharp（1972）showed

that pituitary implants in the dorsal basal

hvpothalamus　failed　to　maintain　their

glandular act,ivity，whereas implants in the

nucleus tuberis could maintain their glan-

dular　activity.　From　these　findings，it

seems safe to conclude t,hat the site of GRF

production is not the nucleus in the dorsal

basal　hypothalam1】s， but the nucleus tu-

beris.The neurons of the nucleus in the

dorsal basal hypothalamus possi･bly stimu-

1,ate the production of GRF in the nucleus

tuberis.

　　The　bodv weight deerease and the in-

crease　in adrenal weight induced by im-

plantation　of　puromyein（1:50）in　the

hypothalamic regions are not clearly ex-

plicable at the present time｡
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