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ABSTRACT 

'The- hypothalamic arcuate nucleu8 contai na a population of dopam1ner-
.. 

gic neurone that project to the median eminence, forming the tuberoinfundi-

bular dopaminergic (TIDA) system. Although the topography of thi. .y.tem 

has been extensively studied, relatively little i8 known about it. ultra-

structure in general, and its pattern8 of connection8 in particular. ln 
\ 

addition, al~hough there is evidence for TIDA function very early in llfe, 

nothing ie known about the fine etruétural differentiation and maturation of 

this system. Therefore, the organlzation of TIDA neurone and their 
~ 

connections was examined in neonatal, 15 da, old; 30 day old, and adult 

female' rats, and in adult male rat8, by ..ans of the peroxida8e-anti­

peroxidase (PAP) imaunocytocheadcal method, 'usiog an antibody a,ainet 

tyrosine hydroxyla8e (TB). 

In aIl animaIs examined, labeled dendri~s vere, commonly observed ln 

direct apposition to the folloving ele .. qt&1 labelèd 'and unlabeled 

, 'dendrites, 

processes. 

labeled and unlabeled perikarya, and unlabeled tanycytic 

These e~en8ive êontact8 made bY la~led dendrite. 'augge.ted 

that TIDA cells may comaunicate vith each other, influence other neuronal 

populations, and p08sibly play a role in the tegulation of tanycytic 

function, by mesn8 of dendritic release of dopaaine. The presence, in the 

neonate, of aIl types of connections (involving TH pOlitive dendrite.) ••• n 

in the adult Indicated that the TIDA sy8te. i. e.sentially differentiated 

and, therefore, potenU'aily operative et birth. Maturatlonal chang •• , 

hovever, involved quantitative alteratione in the different type. of dendri-

tic connections. For example, the percentage of dendrltlc connectiQDI 

involving one labeled and one unlabeled ele~nt decrealéd vith ale. 
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No ftxual ~illOrphls. vas appa~e~t although staining inteulty vas 

greater in feules than ln .. les, posdbly due to an estradiol enhancelllent 
',1 

ànd' a teetosterone- suppression of TB expression. , In fact, estradiol 
J , 

valerate-treated fe .. les exbiblted the most ifttense i~noreactivlty. 

Thesis Title: 

Depart_nt: 

D1plo .. : 

Michèle Plot te 

""" Light and Electron Hlcroscopic Study of the Tyrosine 
Hydroxylase -(tH) I..unoreactive Neurons wlthin the Hypo~ 
thalaaic Arcuate Nucleus of Bar)y . Postnatal, Prepubertal 
and Adult Rate. 
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Le 
, 

noyau arque de l'hypothalamus contient une population de neurones 

dopaminergiques dont les axones rejoignent l'éminence -'diane, ,foraant-4insi 

le système tuberoinfundibulaire dopaminergique (TIDA). Même si la topo-
, 

graphie de ce ~ystème est déj~ bien connue, il y a peu d'i~formation sur Ion 
of l ' 

ultrastuct~re en g~néral, et sur la disposition de ses connections inter-. 
cellulaires en partièulier. 

; 
De ~lus, même s'il existe des preuves qUI le 

système TIDA entre en fonction très tôt au cours du développement, on ne 

salt rien s~r sa diff'renciation et sa maturation au niveau ultrastructural • 
..;: , 

L'organisation des neurones TIDA et de leurs connections. donc ét~ exa~n'e 

" 

h d ... , 2 c ez es rates agees de • 15 et 30 jours, ainsi que chez des rats et rates 

adultes. , " ~ Les neu~ones dopaminergiques ont ete visualises par 'i..unocytor 
( , , , , 

chimie, all'aide d'un anticorps anti-tyrosin~ hydroxylase (TH) revele par la 

.éthode peroxidase-antiperoxidase (PAP). 

Chez tous les animaux exaœ1n's, des.dendrites 
, , 

iœœunoaar~uees," ont 

co.aun~lIënt ~té observées en apposition directe avec les él'.en.ts suivants: 

dés 
, , 

dendrites aarquees et non-.arquees, des corps cellulaires 
, 

arques et 

, 1 
non-.arques. et des processus tanycytaires 

, 
non .... rque!J. L'étendue des 

contacts impliquant des dendrites aarqu~es suggère que les cellules TIDA 

pourraient co..uniquer les unes avec les auttes,' i~luencer d'autres popu­

lations de neu~ones, et possible.ant jouer un rôle dans la r'gulation des 

fonctions tanycytaires, 
, 

au .oyen de la liberation deodritique de dopa.tne. 

La 
,. , 

presence, . chez le nouveau-ne, de tous les types de connections (iapl1-

quant des dendrites .. rqu~es) observées chez l'adulte indique que le s,sta .. 

" , TID~ est essentielle.ent dif'jrencie et, en consequence, potentielle .. nt 
, , 

, fonctionel a la naissance. Au cours du developpe .. nt on observe, cependant, 

, , 
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de. .odifiea~on. de. diff~rents types de connections, dendritiques. Par 
'-

exeap1e, le pourcentage des connectione entre dendrites marqu~es et Don-

aarqu~e. diainue avec l'âge. 

Il n', a pas de di.oFphisa& sexuel apparent,- quoique 'l'iutenaité 4u , , 

1 

aarquagè est Rlus grande chez les f~.elles que chez les mâles, probablement 
-

à cause d'une stimulation par l'oestradiol et d'une ~uppre8slon par' la 

testosterone de, l'expression de la TH. En fait, le sys~ème ,TIDA des 

femelles trait~es a l'oestradiol .ontre l'iaaunoréactlvit' la plus intense • 
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Etude en .lero8copie optique et electronique des 
neurones i.,uno .. rq~s par la tyrosine hydroxylas. 
(TH) dans lfl n'oyau arqu~ de l 'bypothala.us du rat , , ... 

,nouveau-ne, prepubère et adulte. 
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INTRODUCTION 

1- THE HYPOTIIALAHIC ARCUAT! NUCLEUS 

The hypotbalamié arcuate nucleus eonsists of a dense collection of 
, 

neurons located &long the besal laterel wall of tbe third ventrlcle. 'l'bis 
f 

~ , 

nucleus extends 

maa1tlary recess, 

for the moat part. 

from the optic cb~asm~ anteriorly, 
\ . 

posteri~ly (Bleler et al., 1979). 
l 

sma1l cells of abou~ 10 pa in sbJ~t 

to the end of the 

Arcuate neurons are, 

diaaeter and lS pa in 

fong diameter (Bodolty and aétbelyr,ï977). They are positioned amougst non-
• 

neuronal elements such,as macroglial cells, aicroglial cells, and long 

tanycytic processea 'extending from the ventricu1ar wall, _ (Braver and. 
r 

~an Bouten, 1976). 
, .., 

Golgi studies (Bodolty and Rethelyi, 1977; Hlilbouse, 
, . 

1979; van den Pol and Cassidy. 1982) reveal tbat arcuate neurons are aorpbô-' 

10gically relatively boaogeneoult. Tbeir Baall periltarxa are generally 
~ 

fuaiform or polygonal in shape, projecting two or three (occasionally one or 

four) denslritic processes. Despite this un1:formity in shape, arcuate 

neuroDs comprise .everal distinct populations, containing different hypo-

physiotropic hor.ones and transmittera. Growth hormone releasing factor 
~ 

(GIF) (Mercbenthaler et al., 1984), Bomatostatin (Dierickx and Vandesande, 

1979; Jobansson and H51tfelt, 1980), ACTaI a-endorphin (Blo~h et al, 

1979; SoEroriiew, 1979; Hisano et al., 1982), enltephalin (Jobansson ana 

R8kfelt, 1980), Acetylcholine (Cuello and Sofroniev, 1984), GABA (Everitt et 
. 

al., and dopamine (Bj8r1t1und and Nobin, 1973; Holtfelt et al., 1976; 
~ 

1984) are 8IIongst tbe nuaerous substances tbat bave beeu i 
, , 

uate neurona. 

> 
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Arcuate nerve cell bodies project to the pri .. ry e.pil~.ry pl~ of 

the hypothalaao-hypophyaeal portal syate. (Szent*gothai et al., 1972; 1Qd0ky 
, 

and Retbely!, 1971), indicating their key role in the regulation of .nterior 

pituitary function. This anatomical projection comprises part of the 

tuberoinfundibular tract, a highly heterogeneous anatomical pathvay, vhich 

extenda from diverse regions of medial hypothalamus. and preoptlt area to the 

median eainénce. It ia the final co..on ne~r08e~retory pathvay over vhich 

q the brain influences hypophysiotropic function. One' vell dellneated 

co.ponent of thia system derlves fro. dopaminergic cells vithin the arcuate 

nucleua. ~ These cells project to the aedian eminence foraing the tubero-

infu~ibular dopa.inergic (TIDA) systes. The 'rID •.• ystea ha." been 

implicated in the regulÂtiorl of prolactin and gonadotropin release froa tbe 
v 

anterior pituitar~gland. If is thia co.ponent of the neuronal circuitry 

regulating hypophyseal"function that ia the subject of thi8 thesis. 

11- MORPHOLoGICAL DEMONSTRATION OF A DOPAHlNERGIC' SYSTEM or 
MEURONS WITHIN THE HYPOTIIALAMIC AlCUATE NU€LEUS 

,\ 

The primary catecholamines, noradrenaline (NA) and dopaaine (DA), 

vere fi~8t detect~d within the .... aliao hypotbala.ua (Vogt, 1954; Carl.son, 

1959), using biological 888ays. Purified hypothalaa1c extracts vere cbroaa-
,. 

tographed on paper, eluted, and the aaount of NA vaa aeses8ed by ob .. rvinl 

the effect of the eluant on the bloocl presaure of the rat. (Crawford a_ 

Outachoorn, , 1951). Cellular 10caHzation of these aa1nee vas not pCMI~lble 

due, t9 the lack of, a .pecific histocbemical technique. 
, / 1 

The tirat .uch 

SI ,i; 
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specific hlst~cheaical .. thod vas developed in the early 1960's (Falck, 
~ ~.- t 

196~; Falck et al., 1962). This so-called Falck-B1llarp foraaldehyde 

fluorescence technique per.ltted the direct visualization of catechol­

.. ineraic neurons, (Carlsson 'et al., 1962; Fuxe, 1964; Dahlstroa and Fuxe, 

1964; Fuxe and Hokfelt, 1969). The _ethod is based on the foraaldehyde 

induced' conversion of the prill8ry catechola.1nes. DA and NA, and of the 

indola~e 5-hydroxytrypta.ine (serotonin:5-BT) to fluorescent lsoquinolines 
~ 

and 8-carbolines respectlvely. These reaction products fluoresce and can be 
l 

-viaualized vith a fluorescence aicroscope (Corrodl and Jonsson, 1967). 

Since the isoquinolines eait a green to yellov-green fluorescence vhile the 
, , , 

&-carbolines give a yellov fluorescence (Falcc, 1962), it vas possible to, 

differentiate the catecholaaines fro. 5-BT. The green to yellov-green 

fluorescence of nuaerous Derve cell bodies, ~pattered throughout the ~p-
1. 

l "" 
thalaaic arcuate nucleus, first indicated the presence and distribution of a 

aizeable population of cat~cholaainergic neurons in this nucleus (Carlsson 

et al., 1962; Fuxe, 1964; Dahlstroa and Fuxe, 1964; Fuxe and 8&kfelt, 1969). 

Since both DA and NA have dailar fluorescence cbaracteristics (Falck', 

1962), the exact nature of the trans_itter found vithln the arcuate neurons 

re_ained uncertaln. Indirect phar.acologic evldence, bovever, sugested 

that these fluorescent arcuate neurons vere dopsainerglc. The f luOreSCeDCe 

of these cells vas not, for exsaple, affected by treataent vith a~ethyl __ -

~yrodne, .. false transaitter vhich causes a diainutioD of the brain NA 

'7 
levels, vithout appreclably affecting ~or 5-ur levels (Puxe, 1964). 

The ralck-Hillarp foraaldehyde fluorescence _etbod, used in con-

]unction vith a variety of pharaacological and surgieal manipulations, 

provided inforaation, auch of it indirect, on the size, distribution and 

"axouar projections of tbe arcuate catecholaa1nergic syst ... Puxe (1964) , 

----r t ,.._, ........ ' -
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for exa.ple, showed that reserpine, a drue that depletes .onoaaines, 

aboliahed the green fluoreacence fro. the abundant fine varicose fibers ln 

the external layer of the aedian eainence. The siaultaneoua decre.se in the 

intenaity of tbe green fluorescence observed within the aaall, round, neurons 

of the arcuate nucleus, suggested that these neurons were, at least in part, 

the source of the fluorescent fibers in'the external layer of the aedian 

ellinence. Although vlsualizing catecholaa1nerglc axons under noraal 

conditions presented serioua difficulties~ due ta their low .. ine content 

(Fuxe et al., 1969), Fuxe and Bokfelt (1966) vere able ta follov soae axona 

ellerging fro. arcuate perikarya by i~creaaing aaine content. They 

accOapllshed this by lIeans of reserpine-nialaaide-l-dopa treataent. Under 

such conditions, acae fluorescent axons could he traced fro. neurona in the ' 

arcuate nucleus ta the aedian ellinence. This projection was aleo 

dellonatrated by Lichtensteiger and Langemann (1966). After depleting the 

brain alline stores of aice vith reserpine, and blocklng 1I0noalllne oxidase 

inhibitor (MAO) vith nialaa1de in order to elillinate catecholaaine 

catabolislI, these authors injected noradrenaline. dopamine, and dihydroxy-

phenylalanine (DOPA), intraperitoneally (!.p.), and observed,' with the 

Falck-B1llarp aethod, an uptake of these exogenous catecholaaines by 

arcuate neurons. Green fluorescent axons vere observed projecting fro. 

green fluorescent arcuate nerve cell bodies &q the external layer of the 

lIedian ellinence. Thus by 1966, the presence of a population of cat.chol-
1 

allinergic cells ~attered ~hroughout the arcoate nucleus and projecting, at 

least in part, ta the aedian eainence vas fairl, certain. 

Confir.ation' of the existence of this tuberoinfundibular s,ste. of 

neurons w~ aleo obtained by l18ans of les ion experiaents. FollowiDl d .... e 

of Î:hë. aediaa eminence, an Increase in both thé nuaber and fluor.se.nc. 
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iDt.ndtr- -of catecholaunergic arcuate perlkarya wa. ' observed (F~e _ and 

Il&kfelt, 1966; S81tb and Fink, 1972). Tbia increase was reported to be 

directly proportional to the size of the lesion, tbat is, tbe 1arger tbe 

leaion, the greater the nuaber of fluorescent cells and tbe more pronounced 
. 

- the fluorescence intenaity of individual arcuate nerve.cell bodies (Fuxe and 

HOkfelt, 1966). Converse1y, lesions of the arcuate nucleus 1ed to a dimi-

nutlon of the fluorescence 1ntenaity within tbe external layer of the median 

e81nence (S81th and Pink, 19~2; Bjorklund et al., 1973)."More specifically, 

le8ions of the .ost rostral arcuate region resulted in a di81nution in 

cacecbolaainergic fibers througbout the external layer of tbe median 
1 

eainence, whereas lesions of the alddle or caudal arcuate regioD8 caused a 

decrea.ed fluoreacence in tbe aidd1e and caudal external median eunence 

respectively (Bjorklund et al., 1973). These results indicated that the 

cateèho1amine-containing neurone of tbe-rostral arcuate nucleus project to 
;-. 

aU parts of the externa~ median eatnence, while tbose of the 81ddle and 

caudal arcuate regiona project to corresponding are as of tbe external median 
" 

eainence. 
<-

In 1971, Weiner et al. provided additional indirect evidence for tbe 

dopa.1n~rgic nature of the arcuate infundibular catecholaœin~rgic system. 

Pol 1 oving' c~plete deafferentation ~f the medial basal bypothal..us (MBH), 

NA and DA levels vere deterained by the trihydroxylndole aethod. Bach 

catecholaaine was oxidized to its respectlve red indole derlvatlve, and tbe 
) 

concentration vas tben deteralned vith a spectrofluoroaeter (Carlsson snd 
() 

Waldeck, 1958). A aignificant dacrease in NA content of the MBB vu observed 

vb1.1e DA content reaa1ned uncbanged, suggesting that DA but not HA orig1.n­

ated ln cella vitbin the MœR. Thia flnding' vas corr~borated by t~e results 

of Jon •• on et al. (197~) who ahoved a coaplete blockage of 3B- RA formation 
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fro. 'H-DA, in hypothalaaic sUce8 preincubated vith 6-hydrox,dopalÛne (6-

OB-DA), a neurotoxln that causes selective deleneration of MA nerve 

te rrainals (Tranzer and Thoenen, 1968). ~ silli~ar stratelY vas used to 
-

obtain evidence for the dopaœinergic nature of the terainals in the aedien 

eœinence originating from arcuate perikarya (Fuxe and Hotfelt, 1966). 

Jonsson et al. (1972) shoved a ma~ked resistance of th~se terai~s to the 

depleting action of 6-0B-DA. 

Flnally, in 1972, Bjorklund et al., dlscovered that the fluorophorea 

of DA and NA can be distingulshed spectrally follo~DI their acidification. 

Subsequently, the dopaainerg1c nature of arcuate perikarya vas directl, 

deœonstrated (Bjorklund and Nobin, 1973)'when specifie dop .. ine spectra vere 

recorded froa the arcuate nerve cell bodies of dlencephallc lectiona that 

vere previously exposed to forœa~dehyde and HCl vapour •• 

Coœbinlng the Falck-H1llarp fldorescence lIethod vith pharaacolog1cal 

and' lesion experillents, researchers have shown that the arcuete nueleua 

contains dopaainergic nerve cell bodies, and that these cells provide 

extensive innervation to the extérnal zone of the .edian e.inence, foraing 

the tuberoinfundibu1ar dopaminerglc (TIDA) systell (Fuze and Hokfelt. 1966). 

The close association of TlDA nerve terminaIs vith the prlaary capillary 

plexus of the lIedian eainence suggested that this syst .. va. involved in the 

." ~ .. reg~lat1on of hypophyse.;~hormona1 release. 
o 

, , 

.. 
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~~ 111-, THE IOLE or THE TIDA MEUlONS IN ANTBIIOI PITUITAlY FUNctlON 

In 1954, about 10 yearl prior to tbe demonstration of the existence 
, 

of the TIDA system, Everett Ihowed tnat an interruption of the nor.al re-

, "" lation.hip between ~he pituitary gland and the hypothalamus resulted ln an 
1 

Increaae ln prolactin (PRL) secretion. This suggested that the hypothala.us 

nora.lly Inhibita prolactln release. ~beri et al. (1971) infused ex-

tracts of either cerebrqcortical tissue (CE) or hypothalamus (HE) into tbe 
~ , 

anterior pituitary of .ale rats, via a cannulated stalk portal vessel, and 

observed the reaulting changea in arterial PRL plasma levels. CE extracts 

dld not affect PRL levels, but HE extracts cauled a marked diminution ln t~, 

levela of this horaone. Koreover i' lover" doses of HE resulted in 

proportionally s .. Uer decreases ln prolactin" 

Interestingly, Indirect evldence already existed for a mononaminerglc 

PRL'inhlbitory system located in the tubera1 regi~n of the "hypothalamus (van 

Maanen and 5melik, 1968). Implantation of the lIonoaaine-depleting drug 

~.erpine into the medial basal hypothala.us, resulted in dlsappearance of 
\ 

tb. fluorescence noraally obaerved ln tnë TIDA neurons, as weIl -as tbat 

•• sôclated vith pseudopregnancy. It vas a8sumed that, since the implant vas 

very .aall, the depletlon effect WH restricted to lta imedlate 

.urroundlngs. Furth~ore, the 1.p~ant dld not provoke the effects u8ually 

obaerved alter syste.ic ln je ct ion (ACTH hypersecretion, ~i~erection, and 
~ 

eadation). Consequently, the induction of pseudopregnancy (a conditlon 

characterl&ed~ by high PRL plas .. levell) vas attributed to the depletion of 
/ 

DA Iro. t,.~~A neurpas, :.upportlng the ide a of an inhlbitory action of 
,-r-

the •• ar~Qat. neurone upon PIL release. 
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Later work clearly deaonstrated the.lnhibitory effect of dopaa1ne on 

PRL secretion. Small amounts of DA ~ave been shown to significantly inhibit 

PRL release from rat anterior pituitaries in vitro (Shaar and Cleaen., 1974; 

MacLeod and Lehmeyer, 1974). Results from in vivo experiments similarly d 

indicateq that DA inhibits PRL release by acting directly at the anterior 
l ' 

pituitary level. Takahara et al. (1974), for example, showed that an 

infusion of DA directIy into a single portal vessel resulted in an 

inhibition of PRL secretion. However, it has a~o been proposed (McCann and 

Moss, 1975; Vijayan and McCann, ·1978) that DA may st1mulate the re1ease of a 
, 

prolactin-inhibitiqg factor (PIF), which wou1d in turn inhibit hypophysea1 

PRL release. The presence of QA in portal blood (Ben-Jonathan et al., 197~; 

1977; Plotsky et al., 1978) in amount, sufficlent to lnhiblt PRL releaee 

(Gibbs and Neill, 1978), and the presence of DA receptors on pituitary 

~actotropes (Goldsmith et,al., 1979; Ajika et al., 1982), indicate that at 

least part of the inhlbitory action of DA upon PRL release occurs by a 
~, 

direct effect st the ..pituitary level. 0 

Although the~inhlbltory role of DA upon PRL secretion has been well 

established (Leong et al., 1983)," the function of this aonoamine with 

, respect to the 'regulation of gonadotropin release still reaains ~quivocal. 

Ramberi et al. (1~7l) reported that a crude hypothalaaic extract causes a 

siaultaneous decrease in plasas PRL levels and an increase in the pla ... 

gonadotropin levels, 8uggeating that the DA eecreted by the TIDA celle .. y 

facil~~a~~gonadotropin r~lease. A number of investigators (Schneider and 

McCann, 1969; 1970; Kamberi et al., 1970 a,b,c; Kordon and Glowinski, 1972; 

Vljayan and McCann, 1978) have reinforced the concept of DA facilitatioD of 
o , 

gODadotropin secretion. Paradoxic;:ally, other 1aboratories have not On11 
e 

fàiied-to observe DA &ti.ulatloD of gonadotropin release, but have actually 
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reported DA to be inhibitory (Fuxe and Hokfe1t, 1969; Hiyachi et al., 1973; 

Fuxe et al., 1976 a,b; Lofstrom, 1977; LBfstrom et al., 1977; Fuxe et al., 
o 

1977). Yet others found no role at aIl for DA in the regulation of 

gonadotropin secretion (Rubinstein and Sawyer,' 1970; Ojeda et al.; 1974). 

Thus, evidence for a DA invo1vement in LH and FSH modulation is confusing 
1 

and conf1icting (Weiner and Ganong, 1978). Nevertheles8, both the TIDA and 

the 1uteinizing hormone releasing hormone (LHRH) systems co-terminate in the 
.., 

perivascu1ar region of the 1atera1 external median eminence (Ajika and 

H8kfe1c, 1973), clear1y in~icating a possible interaction by an axo-axonic 

mechanism (Schneider and McCann, 1969; H8kfelt and Fuxe, 1971; McCann et , 
al., 1971; Fuxe et al., 1976 a; Barràclough, 1983). 

Although 1ittle is known concerning.the regu1atory influences on the 

TIDA system, one direc; input appears to be gonadal steroids. lndeed, 

estradio1 (E 2) and androgen receptors have been demonstrated within TIDA 

neurons (Grant and Stumpf, 1973; 1981; Heritage et al., 1980; Sar, 1984). 

Furthermore, fo11owing the administration of estradio1 benzoate (EB)' to 

adu1t fema1e rats, Tobias et al. (1981) obïserved a significan~ increase in 
'" 

tyrosine hydroxy1ase (TH) activity, accompanied by a decrease in plasma LH , 

leve1s. EB has a1so been reported to simultaneous1y cause a decrease in LH 

plasma levels and an increase in LHRH cpqtent within, the MBH, both effects 

being partially reversib1e by the inhibitio~,of DA synthesis with 
" ' 

p-tyrosine (a-MT) (Tobias et al., 1983). Experimental evidence, 

8uggeSts the p0881bll1ty of, an Inhibitory 'i~e_dback action of E on :tlï 
2 

release mediated by TIDA neurons (L&fstrom'et al., 1977; Wiesel et al., 
1 

1978). The picture ls ~ar from c~ar, however, since E2 treatment has also 

been reported to 8ignlficantly 'reduce TH activity in the rat .~H (L~ine et 

al., 1977) • 

.. 

, , 



ISJU", 9j 

10 

~o 
\ There exist, therefore, histologieal, phyaiololical and pharaaco-

IOlieal evidenee, whie~ clearly deaoaatrate a population of dopaaiaerlic 

neurons, within the hypothalamie arcuate nucleus, that projeet to the 

median e.inence, and are directly involved in the relulation of prolaetin 
v 

and possibly lonadotropin secretion. To date, however, little i. known 

about the fine structural organization of this system. This la due 

primarily to the teehnical difficulty of achieving ~imultaneous specifie 

labeling for dopaminergic elements, while maintaininl a high quality of fine 

structural Qreservation. 

IV- THE FItœ STRUCTURE "OF THE TIDA SYSTEM 

~Until recently, the Falck-Hillarp formaldehyde fluorescence technique 

vas "the only selective staining method available for the study of specifie 

central catecholaminergic systems of neurons. This method liaited the 

',' observer to fluorescence l1ght micros'eopy (Bokfelt et al., 1984.). In order 
l , 

,:::'to study the TIDA system at the fine structural level, an alternative aethod 
l, 

f had to be found. 
, ' 

Within the past decade, three such aethods which could 
• 

potentially be applied to the TIDA system have been developed or aodified 

from preexisting procedures. These methods are: cytocheaiatry, 

radioautography and immunocytochemistry (Bosler and Calae, 1982; Descarriea 

and Beaudet, 1983). Because of the Inherent liaitationa of theae 
.J 

techniques, however, only fragmentary inforaation ha. thua far beèn obtained 

o on the ultrastructural organization of the TIDA syste •• 

.. 

\ 
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A. Cytochemistry 

The endogenous biogenic monoamines NA, DA and 5-RT, can be localized 

st the ultrastructural level by cytochemistry (Richards, 1983), using an 

improved chromaffin reaction (Tranzer and Richards, 1976). The chromaffin 

reaction is a dichromate or chromic acid method original1y used to 

demonstrate the presence of catecholamines in the adrenal medulla (Wood and 

Barrnett, 1964). lt has long been known that adrenomedu1lary cells turn 

brown when exposed to chromium salts (Tranzer and Richards, 1976). lt has 

been shown, however, that this reaction does not differentiate between the 

various biogenic amines. lndeed, noradrenaline, dopamine and serotonin aIl 

give a precipitate when exposed to chromium sa1ts in vitro (Wood, 1966). 

This 1ack of specificity theoretical1y should not prec1ude application to 

the u1trastruetural study of the TIDA system sinee the hypotha1amic arcuate 

nucleus 

Ful~, 
is devoid of NA or' 5-HT nerve cel1 bodies (Carlsson et al., 1962; 

1~64; Dahlstrom and Fuxe, 1964; Fuxe and Hokfe1t, 1969; Bjork1und and 

Nobin, 1973; Swanson and Hartman, 1975). However, despite the efforts of 

Tranzer and Richards (1976) who modified this method, and successfully 

identified amine storage vesicles in some CNS regions (supra-ependymal nerve 

terminaIs throughout the vent ricular system and ~~,lisade zon~ of th~ median 

eminenee), results were still unsatisfaetory in the caudate putamen, in the 
\ 

... 
locus ceruleus and in the hypothalamic periventricular regions. The 

authors did not indicate why the method had failed in these specific CNS 

areas, and mere1y reported resu1ts as being Inconslstent. In any case; 
r 

sinee the TIDA sy~te~ ls 10cated in a perivent~icular hypothalamic area, 

cytochemistry would not provide a reliable method for the ultrastruetural 

study of this system. Consequently, there ls, to our knowledge, no 

ultrastructural cytochemical data avai1ab1e coneerning TlDA neurone. 

" .. i 

,.. 
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B. Rad~oautography 

Based on the ability of central dopaminergic neurone to accuaulate 

their own transmitter by a high'affinity uptake mechanis. (Paton. 1980), 

radioautography may be applied to the study of the TIDA system, follovini 

the intraventricular injection of tritiated (3 B)-DA or tts precursor L-DOPA • 

. Bosler et al. (1982) demonstrated (at the LM level) that the TIDA neurone 

were radio1abeled fo1lowlng the Intraventricular adminlstration of 
, 

3 H-DA. 

Simi1arly, both 3H- DA (Scott et al., 1976) and 3H-L-DOPA (Scott et al., 

1978 a,b) were shown to be taken up by à subpopulatlon of neurone located in 

the region of distribution of the TIDA cells as demonstrated by histofluor-

escence. . At the EH level, the radiolabel was found main1y over the mito-

chondria and roqgh endoplasmic reticulum of the TIDA perikarya. Axon 

terminaIs were also labeled withln the dorsal arcuate nucleus and in aIl 

.zones of the median emlnence. Dendrites, however, remained unlabeled, 
. 

except may be pr9ximal dendrites for very short distances (Scott et al., 

1978b, Fig. 3A»). Since a study of the ultrastructural organizatlonal 

pattern of tbe TIDA system would require extensive labellng of its den-

drites, radioautograpby is clearly not an Ideal method. Furthermore, as will 

be discussed below, resolution and spectficity of termi~àl labeling are two 

additional factors contrafndicating the use of radioautograpby for the study 

of tbe patterns of connection of TIDA neurons. 

~dioautograpby is the method of choice to label neurons ln which the 

levels of transmitters, and/or their synthetic enzymes, are too 10w for 

bistoflùoréscenee or immdnocytoehemical deteetion, or when quantitation of 

tbe labeled material is required (Descarries and Beaudet, 1983) •. Rowever, a 

major problem inberent in EH radioautography is resolutlon, that li, 

-
assigning a.grain (label) to a specifie underlying structure. On a radio-

\ 



o 
, ' 
,': 

13 

• 

autosraph, the viaualization of a grain ove~ a particular organelle doea not 

neceaa.rily aean that thia organelle ia the aource of the radioactivity 

producing the grain (Salpeter et al." 1978; Nadler, 1979). This ia so for 2 

reaaona: firatly, radioautographic rè80lution (at best 50 Dm ) is not as 

good as the resolution achieved by the electron microscope (0.2-0.3 nm). 

Thua, for example, 4 grain 10cated over a synaptic cleft [20-30 na wide 

(Peters et al., 1976) and therefore beyond the radioautographic resolutionl, 

may have either the axon terminal or the dendrite as its radioactive source. 

Secondly, a 8-partic1e emitted by a radioactive aourc~ travels in rendom 

direction for some distance, resulting in a grain (after development) which 

l18y not be directly adjacent to its radioactive site of origine 

Conaequently, complex statistics are required in order to assign grains to 

underlying structures, rendering radioautography somewhat Imprecise and 

difficult to interpret when used to identify small elements such aa den­

dritic or axonal profiles. 

The specificity of uptake of the radiolabeled amines must also be 

considered when radioautography 18 use~ as a labeling tool for catechol-

amine-containing ~eurons • lndeed, both DA and NA can be t~ken up by either 
-• dopaainergic or noradrenergic neurons, and serotonergic neurons also have 

the ability to take up DA (Descarries and Beaudet, 1983; Berger and 

Glowinski, 1978). Consequently, determinlng the nature of radiolabeled 

'" terainals becoaes a problelll. in regions of the CNS where DA-, NA- t and 5-HT-

;'containlng axons are present (Bosler and Calas, 1982). Although the hypo-

thalaaic arcuate nucleus conta~ns excluslvely dopamlnergic cells (Bjorklund 

and Nobln, 1973~ Swanson and Hart .. n, 1975; Ruggiero et al., 1985), DA, NA 

and 5-HT axon terminaIs are aIl present. Therefore, although radioautography 

provided some information about the distribution of DA and lts precursor L-
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DOPA within TIDA neurons (Scott et al., 1976; 1978 a, b), the limitations of 
1 

·this technique precluded the possibility of obtaining information ab~ut the 

ultrastructural connection" patte~ of these neurons. However, radio­

autography in conjunction with other 1abeling methods, such as immunocyto-

chemistry, has been used to this end •. For example, direct appositions bet-

veen serotonergic axonal varicosities and dopaminerglc dendrites vere shown 

in studies of the arcuate nucleus (Bosler et al., 1984; Bosler and Beaudet, 

1985). This approach, however, still did not provide information concerning 

the intrinsic connection patterns of the TIDA system. 

c. Immunocytochemistry 

Any substance capable of inducing the formation of specifie anti­
~ 

bodies, following its injection into a suitable host, can be localized by 

means of immunocytpchemical techniques (Sternberger, 1974). The large 

proteins normal1y found in neural tissues, such as the neurotrans~tter-

synthesizing enzymes, can induce antibody formation (Picke1, 1981; 1982). 

Over the past severa! years, aIl of) the enzymes of 'the catecholamine bio-

synthetic pathway (Pickel et al., 1976), including tyrosine hydroxylase (Joh 

et ah, 1973; Joh and Ross, 1983), have been purified. Tyrosine hydroxylase 

(TH), the rate-l1miting enzyme of the pathway (Levitt" et al., 1965), is the 

first enzyme in the chain of reactions responsible for the synthesia of 

cat'echolami~es (Nagafsu et al., 1964; Weiner, 1970; Hokfelt et al., 1973) 

an~ Is thus found in dopaminergic, noradrenergic and- adrenergic neurons 

(Fuxe et al., 1978; ~Hokfelt et al., 1984a). The Immunocytochemieal 

loca1ization of rate-1imiting enzymes in a biosynthetic pathway reflects the 

distribution of neurotransmitters (Sternberger, 1979a). Since the TH-

eontaining perikarya and dendrites of the areuate nucleus are exclusively 

, . 
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dopa.inergie (Bjork1und and Nobln, 1973; SVaDson and Hart.an, 1975; Ruggiero 
\ 

et al., 1985), the organization of the dopaa1ne-containing nerve cel1 bodies 
\ 

and processes -!with~n this nucleus can be studied through the immunocyto-

chemical detectlon O~-TH. This concept is supported by direct experimenta! 

evidence. Bokfelt et al. (1976) showed that the distribution of the TB 

positive TIDA cel1s, marked using ,a fluoresceinisothiocyanate (Fliè) 

eonjugated iamunoglobulin (which binds to the TH antibody), corresponded to 

that observed using the Falck-Hillarp technique (Carlsson et a-le 1962; Fuxe, 

1964; Dahlstrom and Fuxe, 1964; Fuxe and Hokfelt, 1969). Therefore, 
o 

immunocytochemistry using an antibody against TH is a valid method for 

studying the'TIDA system. 

The peroxidase-antiperoxidase (PAP) aethod of Sternberger (1974; 

1979b) permits the study of neuronal systems at both light and e1ectron 

microscopie levels. Indeed, the brown reaction product, obtained when 

horseradish peroxldase i8 expos~d to 3-3'-diaminobenzidine (DAD) and 

hydr~gen peroxide (~02)' is visible under the light microscope and, since 

it becomes electron dense when reacted vith osmium tetroxlde (OS04) (Grahaa 

and Karnovsky, 1966; Rees and Karnovsky, 1967; Sternberger, 1974), electron 

mieroscoplë detection is also possible. 

ln the'past decade, the topography of the TIDA system as demonstrated 

by fluor~eence and immunofluorescence techniques (Carlsson e~ ai., 1962; 

Puxe, 1964; Dahlstrom and Fuxe, 1964; fuxe and Bokfe1t, 1969; Hokfe1t et 
-

al., 1976; 1984a) has been confirmed by LM i .. unocytocheaical studies using • 

of the PAP .ethod (Pictel et al., 1975; Bosler et al., 1984; Chan-Palayet 

al., 1984; van den Pol et al., 1984; Piotte et al., 1985). EH i .. ûnocyto-

cheadcal etudies, however, were DOt readily undertaken because of the 

difficulty ln eiaultaneously obtaining satlsfactory tissue .orphology and 
\ 
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tbe good antibody diffusion required for proper immunoataining. A proper 

aethodology ,for the study of the fine structural organization of the TIDA 

system was not available untll ~ suitable perfusing lIed'iUli (see' Section II-A 
, 

of Materials and Methods) was developed, and used in conjunction wlth a· 
~' 

œodified version of the unlabeled PAP method of Sternberger (1979b) (see 

below) • 

-At present, one of the aost extensively used lIethods for the ultra-

structural localization of specifie neuronal antigens, is the unlabeled PAP 

method of Sternberger (1979b) which has been modlfied for .preellbedding 

staining (Pickel et al., 1975; Pickel, 1981; 1982), following perfusion of 

tbe brain (for details see Materials and Methods). The preellbedding 

methodology consists in exposing the tissue sections, which have been cut 

vith a Vibratome, to the various' steps of the immunocytochelllcai procedure 

prior. ta epon embeddlng. The advantages of this technique are: 1) a better 
, 

membrane preservation resultlng from exposure of the tissue to osmium 

tetroxide before embedding 2) better immunost~ining since TH appears ta be 

more re~ctive prlor ta plastic embedding and 3) the abillty ~ to select, 

prior ta embedding, precise areas of the tissue, known ta contain a high 

density of the immunolabeled eleaents (e.g. nerve cell bodies), for further 

examination at the EH level. 

In a light and electron microscopic study of the hypothalallic TH 

.' l_unoreactive neurons van den Pol et al. (1984), using the PAP p1:'eeabeddl~g 

.ethodology, described the ultrastructural 1I0rphology of the adult rat 

arcuate dopallinergic perikarya • They reported I18ny synap •• a, aostly 

.. ymmetrical, involving unlabeled'axon terminaIs and TH positlve dendrite •• 

Tbe PAP preembedding aethod was also used in the coabined radioautographic 

and i.aunocytochell1cal studies, and dellOnstrated the relatlonalûp. between 
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TIDA • cella and otber identified neuronal eleaenta, as described in the 

'previoua section (Bosler et al., 1984; BosIer and Beaudet, 1985). 

Siailar1y, uaing the iœmunoperoxidase p~ee.bedding methodology but 

vith a different marker, that 1~ the aVidin-biotin-peroxidase complex (ABC) 

(Hiu et al., 1981), téranth et al. (1985b) showed TH immunoreactlve axons in 

synaptic connection vith TH immunoreactlve dendrites in the adult female 
, 

arcuate nucleus. This was a most lnteresting observation in view of thè 

evidence suggesting that the TIDA system Is autoreg~latory (Kizer et al., 

1978). A preembedding double immunostaining procedure, permitting the 

simultaneous ultrastructural localization of two different antigens in the 

same tissue section, also made possible the demonstration of glutamic acid 
, ' 

de carboxylase (GAO) immunoreactive nerve terminaIs (labeled with ferrltin) .., 

in syDlletrical synaptic contact with TH i1llRunopositive dendrites ~nd' somflta 

(labeled vith both ,ferritin and peroxidase) (tér~nth et al., 1985a) • .. 
In summary, previous EH studies comblning radioautography and immuno-

cyt~chemistry revealed that a relationship exists between thé TIDA cella,-and 

both serotonergic and GABAergic nerve terminaIs (Bosler et al., 1984; 
, , 

Bosler and Beaudet, 19~5; Lerant~ et al., 1985a). Purthermore, both labe1ed 

(TH positive) and unlabeled axon terminaIs were sbown to synapse on TH 
, , 

positive dendrites (van den Pol et al., 1984; Leranth et al., 1985b). These 

reauita, however, especially concerning the intrinsic 1IDA neuronal 

organizatlonal pattern are, 8S of yet, incomplete and much remains to he. 

determ1ned regarding the types of connections established by TIDA elements. 

J 
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v- ONTOGENt or THE TIDA SYSTEM 

Although some information (reviewed in the previoUl section) II 

presently available concerning th~ ultrastructure of the adult rat TIDA , 

system, nothing is known about i~s_~arly development at the fine structural , 

level. In studies uslng the Falck-Hillarp formaldehyde fluorescence 

technique, DA nerve cel1 bodies vere detected in the arcuate nucleus of the 

full tera rat fetus (20-22 days of gestation) (Hyyppa, 196~; Seige~~ and 

OIson, 1973). Both the number and fluorescence intensity of these cella 

subsequently Increased to reach a maxl.ua within the first three postnatal 

weeks (Byyppa, 1969; Loizou, ~97lb; 1972), followed by a subsequent 

plateaulng' to the adult pattern by the 5th postnatal week (Loizou, 1971b; 

1972). Application of the immunocytochemical technique, which ls .ore 

sensitive than the histofluorescence method f~r the demonstration of cell 

bodies (Bokfelt et al., 1984a), enabled LM detection of the TIDA neuronal 

cell bodies as early a8 embryonic day 14.5, TH being first detectable at 

embryoni~_day 12.5 (Specht et al., 1981a). The topography of the TIDA cella 

closely resembled that of the adult by embrypnic day 18 (Specht et al., 

1981b). 

These results show that the TIDA system is present in 

rat. In addition, pharmacological evidence indicates that 

tlle; nenorn , 
1 

neo~atal DA 
l' 

arcuate neurons, like those of the adult, can be depleted of Çf..!!'~:1 neuro-
........ 1.' __ ";Jo 

transmit ter by reserpine and catechola.1ne synthesis inhibitors 

, 1969; 1971b; 1972), and that they can also take up the amine precursor L­

DOPA (Loizou, 1971b) • Thus the TIDA .ystem appeara to he in place a~ 
• 

capable of some function at blrth. The question re .. ins, hovever, a. to the 

aorphoiogic maturity of the TIDA syste. in the neonate. De8pite 80118 

'. 
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expre •• ion of aature_bioche.tcal and physiological function. the TIDA neo-

natal neuron. aaYlexhibit nelther adult patterns of connections nor _ature \. ' .. 

perikaryal aotPhol~y. Indeed, in an EH stu~ of t~e neonat~l arcuate 

nucleu., Walsh and B~wer (1979) demonstrated a paucity of synapses, .ost 

of which were immature; an abundance of growth cones, aUd a predominance 
\ 

of undlfferentiated rmaature-IOOking nerve cell bodies. Consequently, as 

was previous1y 8Ugg~ted by Loizou (t971a; 1972), the biochemical and 

functional differentiation of the catecholamine-containing neuron~ of the 

n~wborn probably precedes ~helr morphological differentiatlon. Thus the 

neuronal circuitry regulating TIDA function ie probably not present at 
j 

birth, and aust develop durlng the postnatal periode EH analysie of TIDA 

cell bodies, processes and patterns of connections ia clearly neéded to 

resolve th!a question. 
", 

, .. 
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SPEÇIFIC OBJECTIVES 

\ 

~ 

a 

OVer the past several years, the evolu~ion of techniquea auch aa 

rsdioautogr~phy, fluorescence histocheaistry &ad i .. unocytochealstry con-

trlbuted to the acquisition of an extensive amount of inforaation on the 

topography of the adult TIDA system. Such inforaatlon about the l..-ture 

TIDA system, hovever, is sparse. Furthermore. relatively little ls knovn 

concerning the fine structural patterns of connections of the adult rIDA 

neurODs, and da~a about the ultrastructure of ~be TIDA system of neonatal 

or prepubertal rats ls non-existent. Consequently, 

the present study vere to analyze the topography 

the .ain objectives of 

and fin~ructur.l 
organizational pattern of the adult female rat TIDA system by means of the 

preembedding PAP immunocytochemical method, and to compare the resulting 

data vith that obtalned in neonatal, 15 day old and 30 day old ani.als. 

The questlo~ ,of sex ~eclflcity and the effects of gonadel 

" 
steroids 

vere also addressed. The topography and fine structure of the male TIDA 

system was studled and compared to that of' the feaale. , Furtheraore, sinee 

TIDA neurons coatain estradiol reeeptors, and ln viev of the reported 

alterations" :lnl,TB activlty following estradiol treatment, the effects of 

chronie est~ogenizatlon on the fine structure of the TIDA system ln the 

adult female vas éXamined. 

\ 

- ' 
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KATERIALS AND KETHODS 

1- AnilD8la 

A) Housing 
" 

AlI animais. vere obtained from Charles River Canada Ine. (St-

Constant, Upon arr! val, they weI'e housed in plastic cages 

• contalning he,at-treated Hardwood Laboratory Bedding ("Beta Chips"). ,Food 

(Purina Rat Chow) and water were given ad libitum. The room temperature ~as 

kept at '230 C and the relative humidity varied between 50 and 55%. The 

animal quarters were illuminated from 06:00 to 20:00h. 

B) Achllt ~ats 
\ 

1. Feules 
, . 

Six, five week old femaie rats (2 Sprague-Dawley and 4 Wistar) , were 

used in this studY. As soon as vaginal openings'wer~ visible, normal cycli-
1 

c'ity was, ver'ified on a ~ay to day"basis by examining vaginal smears. 
• 

After 

2 weeks' of normal cycles, ,three rats (1 Sprague-Dawley and' 2 Wistar) re-, 

ceived a single subcutaneous injection of 2 mg estradiol valerate (EV) in 

0.2 ml vehiele (sesame oil). \ This treatment causes a permanent arrest of 
" 

ovulatory eyclicity as was later indieated by persistent vaginal cornifica-
, " 

tion. The remaining animaIs (1 Sprague-Dawley and 2,Wistar), 1lOich served 

,as controIs, were sesame oil injected and kept eyeling normally up to the -
tlâe,of perfusion. AlI animaIs 'were kiUed by lntra-aortie arch" perfusion ' 

between 6 and 6 1/2 months of age. 

- ~,. .. 

\ 
\ 
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2. Hales 

Three adu1t Wist,ar lIale rats, eaëh v~lghing about 335 g, vere kiU.d 

by intra-aortiC\ arch perfusion. 

C) Pubertal AnimaIs 

Three fema1e Wistsr rats, received at 25 dsys 01 ase, vere perfused 5 

days Iater, that is, at 30 days of age. 

." 

D) Prepuberta1 Animals and Neonates 

Three pregnànt Wti~ar female rats vere housed in , individua1 .~~ges. 
\ , 0 

The second _Jiay followtng parturition,. 3 fellSle pUp8 vere taken froll 2 
v, 

different litters and -pèrfused. The neon tal feaales vere distinguishtd on , 

the basia of a shorter anogenital distance han that seen in lIale litter.,.., b~ 

mates. The pups that vere not selected ve ~ 1eft to age for 15 days, at 
""\ 

which time 3 female pups, -rroll 2 differedt 1itters, vere taken for 

perfusion. 

11- Perfusion Procedures 

A) Preparation of the Fixative 

Immunocytochemica1 studies ,require a co~prollise betveen good tissue 

preservation and retention of sufficient antigenicity to a110v' for 

visualization of the antigentc sites aince foraa1dehyde and/or glutar-

aldehyde, which are required for the preservation of cellular ao~phology 

(EUar et al., . l~71), iapair tissue anUgenidty. The extent of thi. ia-

pairaent varies vith the nature of the antigen (Pickel, 1982). In th. ca •• 

of tyrosine hydroxyla.e, 

. 
a good balance betveen the preeerv_tion of ti •• u. 

./ 
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8Orphology and i .. unoreactlvity v .. obtained vith a perfusing aediua con­

t.ining 4% paraforaaldehyde and 0.2% glutaraldehyde in O.lM phosphate buffer 

at pH 7,.2 (Picltel, 1982). Furthet'1lore, it has recently been suggested that 

the add~tion of pierlc acid in the aldehyde fixative improves i~unostaining 

by preserving imaunogenlcity (Somogyioand Taltagi, 1982). lt has 81so been 

report~d (van den Pol et al., 1984) that, in the case of tyrosine hydroxy1-

ase as the tissue antigen, . i1llllunostaining vas still present with coneentra-

tions of glutaraldehyde up to 0.5%. Consequently, in order to maxiaize 

tissue preservation without· aaerificing t.Bunostaining, a solution eon-

taining a .ixture of 4% paraformaldehyde, 0.5% glutaraldehyde and 0.1% 
\" 

pierie acid in O.IM Sorensen buffer, was used (modified from Piekel, 1982). 

The te.perature of the fixative was always ke~t between 15 and 20oe. 

B) Perfuslng Adult and Pubertal AnimaIs 

Tbree brains from adult and three others from 30 day old rats were 

fixed by intra-aortie arch perfusion. Rach animal was anesthetized. by an 

intraperitoneal (i.p.) injection of sodiua pentobarbital (O.l~ ec/IOO g body 

weight) ia the left,inferior abdoainal quadrant. Once in deep anesthesla, 

eo
2

, was given through a nose cone for a fev seconds in 0Fder .to proddce 

vasodilation. The skin and muscle layers were then cut, the descending 

aorta clamped, and thè thoracic cage opened and retracted with a hemostat. 

To avoid brain cell damage due to anoxia, the fol,lowing steps had to be 

perforaed vithin 30 second~ of the thoracie cage opening: 1) free the heart 

fro. the perlcardiulD 2) cut the apex of the heart 3). insert the cannula 

(eonaected to the rubber tublng leadlng to the pump d~livering the fixative) 

into the left ventricle, and through the aorUc valve into the origin ,of_. 
'" 

, the aorta 4) cla.p the aortic cannula"in place 5) activate the puap. An 

.i 
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Advanced Varistaltic Puap (Piaber) vas used. The puaping action consisted of 

a peristaltic effêct produced by 2 rollers pressing a. flexible tube against 

a horse-shoe shaped housing. The flow rate vas set at 150 al/ain. for 

the first 2 minute. of tbe perfusion but wa. then decreased 80 tbat each 

ani~ received about 750 al of fixative over a lo-minute interval. 

C) Prepubertal Animals 

The brains of three 15 day old rat~ were fixed by whole body gravit y 

perfusion d~~ing which 100 al of fixative vas. delivered (from a bottle 
\ . 

hanging betveen 170 and 180 cm above the ground) over a 20 minute tise 

interval. Animals were anesthetized by an i.p. injection of 0.05 to 0.Q8 al 

of sodium pentobarbital in the left inferior abdominal quadrant. The .rat. 

"ere opened as described above but did not previously receive CO2- Within 
.1 

30 seconds of the rib cage opening, a~ 18 gage needle (vith a dulled tip) 
0 

was pushed ~hrougb the left side of the heart into the left ventricle and 

the fixativé flow was started. 

D) Beonates 

J'he perfusion procedure for three 2 day old rats w"s· sifilar to th •. t 
III 

described for the 15 day old animaIs vith the exception of the .mount of 
1 

fixative delivered per animal (50 ml during a 20 minute time interval), and 

the type of needle used (20 gage). 

.---

" ". 

,. "1 .. 
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--tIl- Ti •• ue Preparation 

A) Adult and Pubertal Rats 

I_ediately after perfusion, brains were relloved and the hypothalalli . 

were disftected out. Each block of hypothalamus vas tri1lllled in the shape of 
J 

a ~runcated pyra.td by making four cuts: a rostral eut, just behind the 

optic chiaslII; a caudal eut, just in front of the lIamUl'ary bodies; and tvo 

lateral cuts, each approxilll8tely 2.5 mm avay froa the third ventricle. The 

top of the pyra.dd contained part of the rost~al hypothalamus while its 

base contained part of the caudal hypothalallus. The blocks vere immersed in 

fresh fixative for not .ore than one hour at rooa temperature, after vh1ch 

ti.e each block was glued on a glass stage secured to a ,Vibratome (Oxford), 

o and i .. ersed in cold (4 C) phosphate buffer O.IM. 
1 , 

Coronal sections (about 

30 lIm thick) of the whole hypothalaat'c arcuate nucleus, from the optic 

chiasm/ suprachiasutie nucleus region. to the 118IIillary bodies, vere' eut and 

placed in the wells of Poreela1n Spot Test Plates (A.H. Thomas Co., 

Philadelphia, Pennsylva~ia) - containing phosphate buffer O.lM at rooa 
, 

tellperature. The sections vere transferred to the wells individuslly v~th a 

slIall artist paint-brush. The i_unoeytochemical staining vas done as soon 

as aIl the sections had beeu eollected. 

B) Prepùbertal Ratlf . ~ 

Pollowtng whole body perfusion, thé brain of each 15 day old rat vas 
~ " 

taken out and put in fresh fixative at roo. teaperature for lS minutes. The 

hyPothala.us vas then dissected out (by the s&.e lIèthod eaployed for adult 
l , 

and pubertal rats) and left in fixative for a~ additional 45 minutes. 

Before the hypothalallie bloeks vere prepared for Vibratoae sectioning (~ee 
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previoU8 section for description),. they vere put in co Id (4~ C) paraforaalde-

hyde (4%) for a period of 2-4 bours. Coronal sections (about 30~. tbick) 

of the whole arcuat~ nucleus region vere then eut ~nd placed in pbospbate 

buffer O.lM at rooa te.perature. The i .. unocytochellical staining v.. done 

as soon as aIl the sections had been,collec~ed. 

C) Neonates 

Tissue preparation for the neonates was si.ilar to that described 

a~ove for the l~ day old rats with 2 exceptions: 1) folloving vhole body 

perfu8~on, the entire head of each neonate vas put in fresh fixative for 15 

• minutes b'efore. the dissection of the hypothalamus 2) Vtbratolle sections 

vere 50 ~a in thickness instead of the usual 30 ~lI. 

IV- Source of Antiserua 

The antibody'to tyrosine hydroxylase (TH) was obtained froll Dr. Tong 

Ryub Joh (Laboratory of Neurobiology, Departaent of Neurology, Cornell 

University Hedical College, New York, N.Y.). The TH antibody was produced 

in a rabbit using the enzyme from bovine adrenal medulla that was partially 
,f 

purified by ammonium sulfate precipitation and Sephadex G-200 coluan chrolla-

tography. For details on enzyme purification and antibody production, seè 
• 

Joh et al. (1973) and Joh and Ross (1983). 

M, 
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v- Immunocytochemical Staining 

A) Spec1ficity 
JI 

Two re<luirements !DUst be satisfied before any illlllUnocytochemical. 

staining is said to be specifie: 1) method specificity and 2) antibody 

specificity (Petrusz et al., 1916). Method specificity requires that the 

staining be due exc1usively to an interaction between the antibodies ~f the 

antiserum and the tissue antigen. Ant1body specificity implies that there 
" 

18 no staining when the antibodies are blocked by the specifie antigen prior 

ta exposure to the tissue antigen. 
• -

B) Hethod Specificity 

To determine method specificity, ,the specifie antiserum 18 re-

pl~ by antibody-free serum in order ta see if the speclfi~ 1abellng 19 

temoved (Sternberger, 1974; Petrusz et al., 1976; Picke1, 1981; Pickel, 

1982). The "antibody-free" serum consists ~f the specifie antiserum 

adsorbed by an exeess of,purified antigen or of serum taken from the host 

before immunization (Picke1, 1982). Within the rat hypothalamic arcuate 

nucleus, method specificity was tested by Pickel et al. (1975). These 

authors used two types of contraIs: in the first ~ne, preimmune serum was 

8ubstituted for immune serum. In the second control, the specifie TH anti-

body was ad80rbed with pure antigen, the antigen-antibody complex removed by 

centrifugation, and the antibody free supernatant· was substituted for the 

specifie antibody. There was no specifie staining in any of the control 

sections. ! 
• C' \ 

1 

~ 1 . 
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C) Specificity of the Antibody 

There are two ways,of testing the autiaerua apeclficlty: 1) bJ 
-

performing i .. unoelectrophoresis or double iamunodiffualon, whlcb ahould 

resu1t in a single precipitant arc be~veen the purified ant~gen and the 

spe~ifle antiaerum, 'or 2) by using the specific antl~erua to inhibit the 
\,0 -.~ 

antigen activity (Joh et al. 1973; Pickel, 1981; 1982). Joh et al. (1973) 

found that the enzyme speciflclty of the TH antibody vas high, alnce a 

single precipltin arc vas seen when lmmunoelectrophoresls was perforaed on 

the antlbody vith either purifled bovlne-adrenal TH, or vith a crude e.tract 
.t 

of ' the gland. Moreover, no preclpl~in arc formed when this aame antlbodJ 

•. ' was run agalust dopaaine-B-hydroxylase, aro .. tlc L-aminoacid decarboxy1aa., 

and phenyletbanolamlne-N-methyltransferase, the other enzymes of the 
, , 

catec~olaminergic synthetie pathvay. In addition, TH activity fro. botb 

purlfled and crude bovine adrenal extract vas inhibited almost 100% by the 

anti~ody, whereas this same antibody falled to Inhlbit the actlvltles of the 

other enzymes of the catecholamlnergic synthetlc pathway. Joh et al. (l973) 

a1so reported that this TH antlbody vas higbly cross-reactive vith TH froa 

rat adrenal gland, superior cervical ganglion and, aost algnlf~ntly for 
• f • 

the present study, braln. 1 

VI- Immunocytochealcal Procedures 

AlI sectlons were lmaunostained uaing the ~nlabeled antlbody per-

oxidaae-antlperoxidase (PAP) aethod of Sternberger (1979b). The protocol va 

used ls a .edification of that described by Pickel (1981): the Vibrato .. 

sectlons vere first 8ubmitted to tvo 15 ainute rinses vith Tria-saline 

contalning O.lM lysine. Lysine, which vaa not included in the original 

.. -
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protoeo1, vas uaed here .ince tt .. y btnd to the free'a1dehyde groups of the 

fixative (Oerte1 et al., 1982; Bodges et Al., 198~) and thus contribute in 

reducing the background stainiag. Tris-saline vas prepared by adding 4.5 g 

MaCl to 500 al Tris-water. Tris-vater vas made by the addit~on of' con-

centrated HCl to a 0.5M solution of Trizma base unti1 a pH of 7.6 vas 
<ê: 

obtalned. In the original protocol (Pickel, 1981), the sections vere next 

exposed to the detergent Triton X-lOO • This detergent, vhich dissolves 

.eabranes, euhances the penetration of the antibody but is deleterious to 

tbe tissue morphology (Pickel, 1982). Sections vere, tberefore. not exposed 

• • to the detergent. In order to block unâp'ecific antigenic sites (Oerte1 et 

al., 1982), the sections vere then incubated for 30 minutes in normal goat 
~ 

seru. (n.g.s.) di1uted 1:30 vitb Tris-saline. This incubation vas folloved 
\ 

by tvo 8 minute rinses vith Tris-saline. The sections vere tben incubated 

overnight at o ' 4 C vith the TH antibody diluted 1:750 vith Tris-ealine con-... 
taining 1% n.g.s •• Duriag ehe overnight incubation, the sections vere 

constantly agitatedîis "they vere for aIl steps invo1ving an ant~body in' the 
, 

procedure. 

The following morning, the sections vere rinsed tvice, 8 ~nutes each 
~ . 

ti.e, vith Tris-saline containiog 1% n.g.s., and incubated for 30 minutes 

vith a goat anti-rabbit imaunoglobu1in di1uted 1:50 vith -Tris-saline 

cont.ining 1% n.g.s.. This vas folloved by two 8 minute rinses vith Tris-

saline containing 1% n.g.s. and a 30 minute incubation vith the peroxidase-

autiperoxidase (PAP) complex (Cedar1ane Laboratories Ltd.) diluted 1:50 

vith Tris-saline con~~lning 1% n.g.s.. Although in the~original protocol, a 

1:10 dilution of the anti-IgG and a 1:30 dilution of the PAP vere used, 

dilutions a8 high a8 1:50 and 1:100, . respectively, do not appreciably alter 

i .. unostalning (Picke1, 1981). The sections were then submitted to two 8 
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tinute rinaes vith Tria-aaline alone. incubated 10 ainute. vith CoC1
2 

O.S% 
" 

in Tris-saline and rinsed tvice (8 tinutes) vith Tria-aaline. The CoC12 
step is not found in Pickel's methodology but 1. uaed here becau.e it 

enhanced the electron density of the lœaunoprec1pltate. p!r.ltting an 1.-

proved vlsuallzatlon vith the electron microscope (Ad.... 1977; Sllveraan, 

1983). Final1y, the sections were reacted (in the dark) for 6 minute. vith 

.0.05% 3-3' diaminobenzidine and 0.01% hydrogen pe rox ide ln Tria-buffer. 

rapidly ~insed ln disti~led vater and transferr.ed in phosphate buffer O.IM. 

Higher concentrations of dtatinobe~zldine (0.05% va 0.013%) 
\ 

and hydrogen 

peroxide (0.01% vs 0.003%) were used than those in the original protocol 

(Pickel, 1981). 

VII- Tissue Procesaing for Light 'and Electron. Microscopic 
Observations 

Immediately after the Immunocytocheaical ataining, sGae section. vere 

proces8ed for electron microscopy in the folloving aanner: one out of every 

four sections' cut along the rostro-caudal axis of the mid-portion of the 

arcuate nucleus vas se1ected and post-fixed for one hour in a 2% lolution' 

of osœium tetroxlde. Tbe sections vere then statned vith uranyl Acetate for 
'. 

ODe hour and dehydrated in a graded series of ethanolae Each section was 

then cut in half vith a scalpel blade under the diaaecting microscope. ° A 

drop of freah epon vas put on a plastic cove~slip. one half-section was 

depoaited on the drop, covered by another drop, and a aecond cover.l~p v .. 

placed on top, foraiag a "sandwich". The "Iandvicbe." vere put in the oven 

at 
o 

60 C for 16-17 bourse Once the epon had poly.er1zed, they vere taun 

out of the oven and tri .. ed vith a pair of acissora in order 
l ' to 7t at 

1 

the 
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botto. of Beem c~psules. ,The -sandwiches- vere then reeabedded in tbe 

capsules vhicb vere filled vith epon and put in tbe oven at 60°C for 16-17 

boura. Once out of tbe oven, the epon blocks vere trimaed in tbe sbape of a 

truncated pyraaid (the base of which vas lined up vitb tbe edge of tbe thlrd 
t 

ventricle) i~cluding mainIy'tbe arcuate nucleus region, and tbe top cover 
, 

slip of the sandwicb was carefully reaoved vith a razor blade. , Thin 

~ ultraaicrotoae sections (silver) were tbén cut froa the epon blocks, put on 

Foravar-coated grids and stalned vith lead citrate for 2 1/2 ainutes. 

Sections auit,ble for ultrastructural study must be selected vitb care. 

lndeed, tbe heavy Iabeling of the first fev sections makes it difficult to 

identify undérlying structures and sections deeper tban 1 pm from the sur-

face have very faint labeling due to tbe lia1ted penetration of tbe anti-

body. 

For ligbt ~aicroscopy, the sections (not selected for- electron 

aicroscopy) includins those of rostral and câudal arcuate nucleus. ve"'re 

expoaed to osafua t~troxide vapors for about 1/2 hour, in order to increase 

tbe \statoing intensity of the reectioo product. These sections vere then 

placed directly on geIat!n-coated, glass slldes (three sections per slide), , 
o and dried at 37 C overnigh~. The following"aorning, they vere debydrated in 

a graded .er!es of etbanols and aqunted vith peraount. -
Vll1- Light and,Blectron Microscopy ~ 

The i .. unoéytocheaically etained .ect~ons (aounted on slides) fra. 3 

intact adult aalea and fro. both control and BV-treated females (3 per age 

group) vere ex~ned vith a Wild ligbt 8icroscope and photographed in 
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serieB, or aapped using a ea.era lucida that could be adapted to the .icro-
J 

scope. 

The Bections eabedded in epon for electron micro.cop, vere al.o 

exaained under the light microscope before the blocks were tri .. ed for thln 

sectionning • The shape of tbe trlaœed blocks cou1d then be out11ned on the 
o 

camera lucida drawings. Using a Siemens 101 Electron Microscope, coronal 

sections from the mid-arcuate nucleus region of neonatal, 15 day old. 30 day 
\ 

o1d, control adult and EV~treated adult female rats. as weIl &. of adult 

male rats. were scanned. The nuœber of section. exaained in individual 

aniJlal.s . and the nUllber Qi. blocka cut to obtain these sections are shown in 

Table 1. 'ô< Rach section exaà1ned waB Bcanued entirely. and picturea of every 

TH positive element eneountered were taken. The resultlng electronaicro-

graphs vere then analyzed • 

, . 

___ ";. 1 ... 
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. 
TABLE 1: RUMB!! AND SOUI.CE or SECtIONS EXAMINED AT THE 

ULTRASTRUCTURAL LEVEL " 

Strai~ Anill8ls 'Blocks ISections 
eut !x8llined 

8.D. CI 3 3 
W CIl 1 12 
W ,.CIlI 2 3 

r 8.D. EVI 3 3 
W EVII 2 3 
W EVIII 2 4 

W Cl 2 4 
W .C2 1 3 
Il C3 1 4 

Il D1-l 2 " W Dl-2 2 6 
W D1-3 3 8 

.W .. 
Dl5-l .1 4 

W D15-2 . 1 2 
w ,01S-3 "''1 . 2 

t 
W 030-1 1 3 

030-2 -- l- a w 
Il D30-3 1 3 

Lelencl: 

S.D.- Sprque-Dav1ey; Va Viatar; ,C- 'control adulte (CI-Ill- , 
Qo~11 cyc1iDl feUle. and Cl-3- intact _wea); BV- BV-treated 
f.aal •• ; Dl- neonatal feules; DIS- 15 day old 'felUÙea; 
D3O- 30 day old feaal.s. 

~ \ .. ~ .., 
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RESULTS 

1- THE ADULT TIDA SYSTEM 

·A. Light Microscopie Observations 
J 

a) Normally Cycling Feaales 

) 
L 

3~ 
r 

According to the description of Walsh and Brawer (1979), five level. 

'of the arcuate nucleus may be easily identified 1) level A or the aid-

anterior areuate,reglon, where the nucleus consists of a single cell maas 

Just below the floor of the- third ventricle 2) level B which i. 

approxiaate~y m1dway between level A and the point at vhich the yentrl-

cular floor expands to fora_the lateral recesses (at this and the folloving 

levels, two distinct arcuate nuelei are ~een, one on either side of the 

.third ventricle) 3) level C or the middle portion of the ventricular exp.n-

sion region 4) level D where the pituitary stalk origin~tes 5) level E or 

.posterior areuate region, wbich la just behind the pituitary atalk'. 

posterior attachment point. 

Levels B to E of the adult arcuate nucleus of 3 no raal ly cycling 

female rats' vere exallined (Plate la-g). As vas previously reported 

(Bokfelt et al., 1976; 1984b; Chan-Palay et al., 1984; van den Pol et al.,' 

1984), TH posit~ve nerve cell bodies vere fouRd both in the dor.~dial 

and lateral regions of the nucleua in all an1-.1 •• These i .. unoreactive 

cella, at 1e~1 B (Plate la), vere di.tr1buted ôh either side ol .- a11shtly 

convez connecting the aed10-doraal and the veotro-lataral 
, ' 

arcuate areaa. lb-d) vas characterized b,.ou.eroua TB ,0.1-

, -

. " 
~" I.\~~ 
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tive perikarya ln the aedlo-dorsal arcuate region, lmaediately next to tbe 

thlrd ventricle. Host of the remèining tœœu~oreactlve célls were scattered 

within the 1atera1 regton of the nucleus, appeartng almost as a distinct 

ventro-lateral cell cluster. The most ventral TH positive cells of the 

ventro-lateral arcuate region usually stained less intensely than those more 

dorsaUy. Furthermore, a fev sllghtly immunoreactive cells extended beyond 

the arcuate region, laterally, just above the ventral surface of the dlence-

-phalon. Pale staining perikarya vere a1so found throughout the arcuate 

nucleus. The distinct ventro-lateral cluster seen at level ~ was no longer 
t) 

present at level D (PI~te le-f), where numero~s labeled nerve cell bodles 

were distributed in an apparently rando. manner through the nucleus. At 

level E (Plate 19), the arc~ate nucleus contained only a few scattered 

labeled perikarya. 

In 'addition to labeled nerve cell bodies, a coaplex network of 

i .. unoreactiVë processes, some of which could be seen to originate fro. TH 

positive p~rlkarya, and s.all punctate elements, were present at aIl levels 

of the arcuate nucleus (Flg. 1). The punctate ele.ents vere particularly 

nuaeroua ln the external layer of the median e~nence. Furthemore, both 

the i .. unolabeled proc~sses and punctate elements extended into the ependy-

asl layer of the ventricular wall. 
,;( -'\ 

) 

b) EV-treated Feasles 
, 

In each of the 3 UEV-treated fe_le rats, both the ,:1_unocytoche~cal ' 

labellng patterns and nu.hers of labeled cells vithln the arcuate hucleus 
4 ._, 

vere sl.1lar to those of the nonaal.ly cycHng anll18ls ,(Plate 2a-d}. 'The 

..alo-doraal cluster of the a1d~portlon of the nucleus (level C) vas .ore . . . 
distinct ln the EV-treated than in the control anl .. l. (coapare Plates 2b-c 

~ 

" . 

o • 



o 

o 
. , 

'b 

... , , 

36 

and lb-d). Purtberaore, tbeOareuate ventro-Iateral cell cluster (of level 

C) could not be easily delineated ,in control animaIs wheress in EV-treated 

rats, a~distinct ventro-lateral aggregation of immunoreactive peritarya va. 
, \ " 

clearly separated from the obvious 'medio-dorsal cluster: 

c) Intact Males 

. No obvious difference vas seen betveen the distributio~al pattern of 

tbe male and feasle TH positive perikarya, processes, and punctate eleaentse 

In each of the 3 male rats examined, hovever, the medio-dorsal and ventro-

lateral clusters seen at level C were not as distinct (Plate 3d-e) as they 

vere-in tbe females (botb control and ~V-treated). Furtbenore, under our 

experimental conditions, tbe staining intensity of the i .. unoreactive nerve 

celi bodie~ and processes of tbe .aie arcuate nuelèus appeared to be signi­... 
ficantly less tban that of the femalese 

B. Electron M1c~oscopic Observations 
) 

a) Normally Cycling Female Rats 

1. Perikarya 

Twenty-tvo TH positive perikarya fro. control feule rats "ere éxa-

ained. Tbe~e polygonal or'ovoid nerve cell bodies were 'saall, averagln~ 

app~ximately 8 Pm in sbort dtameter'and 12 pa in long diameter. In IIOBt 

cases, each i .. unoreactive cell profile vas occupied by a large indented 

nucle~~ containing, in so .. fortuitou8 8eetioua, a large nucleoluB. The 

rest of t~e cell exhibit~d a scant peripheral cytoplas. containing nuaeroUi 
\j 

mitochondria, randoaly 8c.ttered short,cistemae of endopla •• ic retlculu., 
, 

and one to several saall Golgi apparatus (Fig. 2)4 Lysosa.e. (aeabrane-

hound accuaulation8 of dark hoaogeneou8 dense .. terial) <vere a180 preeent 10 
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many neuronal' e~ll bodies in significant numbers. A single perikaryal 

profile could contain from one up to 15 lysosomes. On the other hand, 

multivesicular bodies ( membrane-bound clusters of small veslcles) were ooly 

or.casiona~ly eocouotered, and no'more than 3 multivesic~lar bodies were seen 

in any si~gle perikaryon. The g'ranulated black immunoprecipitate appeared 

relatively uniformly distributed throughout the cytoplasm. It was not 

associated with any partic'ular organelle but appeared to accumulate mostly 

on membranous'su~aces (Fig_ 2). 

The TH, immunoreacH ve nerve cell bodies were extensi vely ensheathed 

by ,glial lamellae dire~tly applied to the neuronal plasmalemma. Where the 

glial sheath was ihterrupted, labeled and unlabeled axon terminaIs and/or TH 

positive dendrites (but not rH oegative dendrites) abutted the plasmalemma 

(Fig: 2). One' In~~~oce of somato-somatic app'osition was also observed. ln 

this case, ,the plasmalemmas 6f a TH positive and a TH 'negative perikaryon 

were in direc~, apposition for SOOle distance'. 

The morphological characteristics of most unlabeled perikarya wer~ 
\ . 

similar t ose of labeled cell bodies. The absence of ~lack immunopre.ci-

pitate ~ unlabeled perikarya allowed for visualization of ribosomes 

that were associated with the cisternae of endoplasmic reticulum (rER), as 
" , 

weIl 8S scattered th~oughout th~ cytoplasm. 

2. Dendrtt:es . 

The large major,ity of the immunoreactive' p~ocesses observed were 

dendrltlc profiles. T~ese were easily identified on the basis of shape~ 
size, and internaI ,framework of regularly spaèed microtubules. The làtter 

" vere seen ,in lioear array in lorgltudlnally seetioned profiles (Fig. 3) and 
, " 

appeared ' as small evenly dJ!stributed circle~ in, transversely eut profiles 

; 
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(Fig. 4). Axon te~inals of ten' vere seen in synaptic contact vith i .. uno-
, 
\ 

reactlve dendrites (Flgs. 3 ·and S). Mitochondria vere frequently 

encountered within these dendrites. In addition, sbort, often dlstended, 

clsfernaé of endoplasaic reticulua, and occasional aultivesicular bodies 

similar to tbose found in labeled perikarya, also occurred vithin dendrite •• 
, 

The cytoplasm of TH positive dendrites eontalned a black i"ynopreei-

pitate ~hich preferentially aecumulated belov the inner leaflet of thé-
/ 

,dendritic plasma1emma, aTound the outer mitochondrial aAd endoplas.le 

reticular membranes, as vell as around the .icrotubule~~us" as in tbe 

case of perikarya, --tbe immunoprecipitate in dendrite. vas most densely 

distributed at membranous, filamentous or microtubular 8urf_ces. 
, . 

TH positive dendrites abutted on labeled and :\ uniabeled perlkarya, 

other dendrites, axon terminsls and tanycytes. Table Il su .. arize. the 
, 

number of eac~ of these relationships observed in nb~iy cycli~ fe .. Ie . , ~ ~ 

, 
The most' co .. on type of relationship encotintered~{n our aaterial 

-,~ 
rats. 

---~--
.~ 

involved Vuniabeled ~xon termin~~~ormed predoainantly as,..etrical 
, ---- \ 

axo-dendritic synapses vith Iabele~ dendritic 'profiles (Pig. 5). These axon 

terminals were filled vith small round vesicles of hoaogeneous content. At 

the point of contact, vesicles foraed an obvious cluster and ae.brane 

specializati~ns could he seen. In contrast, labeled nerve tetainale vere 
\ 

never sean in contact vith labeled dendrites • 

. The next most frequent-ly encountered relationship coneisted o~ direct 

appositions involving labeled dendritic profiles and tanycytic proce ••••• , 
Bovever, in contrast to the axo-dendritic synapse, nelther ve.icle. nor 

membrane specializations were present at tbe conta~t point. NuaeroUl TH 

positive dendritic profiles !!Ee frequentlr encountered along the length of 

a single tanycytic proce.. (Fig. 6). ravorable ~lane. of section clearly 

\ 



• 

\ 
\ 

•• < 

. , 
TABLE II: TYPES OF RBLATIONSHIPS OB SE Rn» BETWEEN TH 

POSITIVE DENDRIT~ AND OTHER· ELEMENTS OF THE 
ARCUAT! NEUROPIL OF NORMALLY CYCLING FEHALES 

J 
, .. ~. . 

Anilllals 

CI CIl CIlI 

\ 
Total 'TH+ dendrites observed 237 106 424 . 

" 'axo(TH-)dendritic(TH+)synapses . 26 12 93 
(11%)* (11%) (22%) 

'TH+ dendrites apposed !,!: 

Tanycytic processes 26 9 28 
(11%) (8%) (7%) 

TH+ dendrites 6 6 12 
(3%) (6% ,) (3%) 

TH-odendrites : 7 1 9 
(3%) (1%) (2%) 

TH+ perikarya, 3 2 1 
(1%) (2%) (.2%) 

TH- perr~arya 4 1 0 
(2%) . (1%) (0%) 

\) 

cl 

J 

* % • 'TH+ dendrites invo1ved J.1l a given type of contact ' 
Total nuaber of TH+ dendrites obs~rved 

. $" , , 

39 

, 

'total 

\ 
767 

131 
(1,7%) 

Ç>. 

63 
(8%) 

24 
(3%) 

17 
(2%) 

6 
(1%) 

'5 
(1%) 
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demonstrated thin ,- sheets and processes emerging from tanycytlc processes., 

and p'artially or completely envelopingiTH positive dendritic profilee. 

Immunolabeled dendrites were also seen ln direct apposition to other 

dendrites, both labeled and unlabeled, as weIl as to both labeled and un-

labeled perikarya. As in the case of dendro-tanycytlc appositions, no 

veslcle nor membrane specializations occurred at the contact points • 

. Although less common than'axo-dendritic synapses or even dendro-tanycytic 

appositions (Table II), dendro-dendritlc and dendro-somatic appositions 

occurred fairly often. The size range of the 4endritic profiles examined 
" 

indicated that these dendro-dendritic appositions occur mainly between de~-
., 

dritic shafts. There were fewer TH positive dendrites in direct apposition 

to unlabeled dendrites (Fig. 7) than to labeled dendrites (Fig. 8). On the 
.} ~ .. 

other hand, TH positive dendrites contacted both labeled (Fig. 9) and 

unlabeled (Fig.- 10) perikarya in more or less ëqual proportions. The ,,,', 
;1, 

çontact sitetfl' of these dendro-somatic appositions were also devoid of 
r 

vesicular clusters or membrane specializations. 

Even though TH p,ositive dendrites directIy apposed bath labeled and 

unlabeled perikarya, unlabeled dendrites were never seen in direct apposi-

tion to labeled nerve cell bodies. In contrast, TH positive and TH negatlve 

dendrites both came in direct apposition to unlabeled nerve celi bodies in 

roughly equal: proportions • The examination of 52 unlabeled perikaryal 

. px:ofiles revealed 5 TH positive and 5 TH negative dendrites involved in 

dendro-somatic appositions. 

As in the case of TH posi~ive perikarya, labeled dendrites throughout 

the ar~ate neuropil were ~ncapsulated over much of their surface by glial 

sheaths. ~hese sheaths were often multl1amellar, consisting of concentric 

gyres in crose apposition. Although these sheaths appeared similar to the 

( 
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a.trocytlc sheaths found throughout the central nervous syste., some 

undoubtedly originate fro. tanycytic processes as described above. Such 

thin glial sheaths, whether astrocytic or tanycytic in origin, vere occa­

sionally intercalated between a labeled dendr1te and an identified tanycytic 

procesa. Similarly, a thin glial leaflet was occasionally seen intercalated 

betveen an immunoreactive dendrite and a nerve cell body (Fig. Il). 

3. Axon TerminaIs 

In our material, TH positive terminaIs were filled vith round, dense­

ly p4cked, clear vesicles of somewhat variable size, surrounded by the 

immunoprecipitate. A few large dense core vesicles were sometimes present~ 
~. 

a. vell as mitochondria and profil~s of smooth endoplasmic reticul~ (Fig. 

12). 

Only 27 immunoreactive axon terminais were observed, and these were 

mostly located in the laterai arcuate region. Table III shows the 

different types of contacts established by these terminaIs within the 

arcuate neuropil. Labeled nerve terminaIs were most commonly found in 

direct apposition to unlabeled dendritic profiles (Fig. 12). In contrast to 

s~naptic contacts, membrane specializations and vesicular clusters a~ these 

points of contact were rare. In fact, on1y one instance of such a syna~tic 

specialization occurred, involving one ~abeled axon terminal and one un-

labeled dendrite (Fig. 13a). 

Labeled a~on terminal~ were also often seen directly apposed to both 

unlabeled axon terminaIs (Fig. 13b) and tanycytic processes (Fig. 13e), but 

they never contacted TH positive dendrites or other labeled terminaIs. 

Although they occasionally came in direct apposition to both labeled and 

unlabeled perikarya (Fig. 13d,e), labeled axon terminaIs never formed synap-
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_ ::fABLE III: TYPES OF RELATIONSHIPS SEEN BETWEEN LABELED 
AXON TERMINALS AND OTHER ELEMENTS OF THE 
ARCUATE 'NEUROPIL or NORMALLY CYCLING FEMALES 

Anillals 

. . 
CI cn . 

CIU 

Total 'TH+ terminaIs observed 7 9 11 

ITH+ terminals apposed ~: " 

TH- dendrites 1 3 3 
(14%)* . (33%) (27%) 

TH- axon terminals 2 -2 1 
(29%) (22%) (9Z) 

Tanycytic processes 1 1 2 
(14%) (1U) (18%) 

" TH+ perikarya 2 0 '0 
(29Z) (OZ) (OZ) 

TH- perikarya , . 0 0 1 . 
(0%) (0%) (9%) 

laxo(TH+)dendritlc(TH-)synapses: 0 1 0 
(0%) (lU) (0%) 

, . 

, . 
* %. ITH+ dendrites involved ln a ,iven type of contact 

Total nuaber of TH+ dendrites observed 

Total 

27 

7 
(26%) 

5 
(19Z) 

4 
(l5%)· 

2 
(!%) 

1 
(4%) 

1 
(4%) 
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o 
t~c relationships with tbese nerv~ cell bodies. Thus, they - ,differ from 

unlabeled axon terminaIs which were common1y observed directly apposed to, .., 
\ 

or even synapsing on, both labe1ed and unlab~led perikarya (Figs. 2 and 14; 

,Table IV). 
" 

b) EV-treated Females 

1. Perikarya 

The ultrastructura1 'features of tbe 27 TH positive nerve cell bodies 
• 

examined in the EV-treated female rats were indistinguishable from those 
i 

described in normal controls (Fig. 2). TH immunoreactive perikarya were 

partial1y ensheathed by glial lamellae and contacted by various elements of 

the neuropil at' points where the sheath was absent, as will be described 
. 

,- below. However, no somato-somatic apposition such as the one seen in con-

troi animaIs was encountered. 

2. Dendrites 

Most of the lmmunoreactive processes observed in the EV-treated 

female rats were dendrites. These formed a varlet y of relationships with 

other elements in the neuropil as shown in Table V. As in normal femaIes, 

the most 'common type of connection observed was the axo-dendritic asymmetri-

cal synapse involving unlabeled axon terminaIs and TH positive dendritic 

profiles. Such axo-dendritic synapses never occurred between labeled axon 

terminaIs and labeled dendrites. 

Although the other types of relationships prevlously described in the 

normal female rat also occurred in EV-treated animaIs, the relative 

proportions of each type of contact differed slightly (compare Tables II and 

V). For instance, while the second most common type of relationship was the 

~
.l_. 

-, 
;&_"J" ... ~.~. 
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-TABLE IV: NOMBER OFAXo-SOMATIC APPOSITIONS AND SYNAPSES 
INVOLVING UNLABELED AXON TERMINALS AND BOTB LABELED 
AND UNLABELED PERlKARYA OF NORHALLY CYCLIMG FEMALIS 

.' 

~ TH+ pèrikarya observed 

laxô(TH-)somatic(TH+) appositions: 

laxo(TH-)somatic(TH+) synapses 

1 TH- per~karya observed . . 
laxo(TH-)somatic(TH-)appositions 

laxo(TH-) somatic(TH-) synapses 

< , 

\ 

CI 

4 

7 

1 

9 

4 

3 

7 

17 

S 

6 

8 

3 

Animals 

CIlI 

rr 

\. 

11 

32 

22 

37 

10 

9 

Total 

22 

S6 

28 

S2 

~' 
22 

15 

-

0, 

~ 1 

i 

1 
1 
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Total 

~ 1 Tf,';:' , -

TABLE V: Tfl»ES OF RBLATIONSHIPS OBSERVED BlTWEBN TH 
POSITIVE DENDRI~S AND OTHBR ELEMENTS OF THE v 

ARCUAT! NEUROPIL IN EV-TREATED FEMALES 

Anill81s 

EVI EVIl EVlIl 

ITH+ dendrites observed 58 111 59 

laxo(TH-)dendritic(TH+) synapses 8 17 4-
(141)· (15%) (7%) 

" 
!TH+ dendrites apposed ~: 

45 

Total 

228 

29 
(13%) 

Tanycytic processes 3 5 3 
, 

Il , (5%) (5%) (5%) \ 

.TH+ dendrites 0 7 4 
(0%) (6%) (7%) 

TH- dendrites 0 , 5 6. ) 
(01) (5%) (10%) 

, .' 

. .. ' 

o 
, 

TH+ perikarya ,. 7 7 
(121) (61) 

• 
TH- perikarya 2 0 

(3%) (0%) 

* % - ITH+ dendrites involved'in a given type of contact 
Total nuaber of TH+ dendrites observed 

~'L.':' __ '""";:';:~~,:,;>;"~:r..;, .... ,, _,~ :~:. ," , • :,,'" l ,_ 'f~ ", ~ 

4 
(7%) 

0 
(0%) 

\ 

(51) 

Il 
(5%) 

11 
(5%) 

18 
(81) 

2 
(1%) 
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dendro-tanycytlc apposition in normally cyéllng females, it vas the dendro-

somatic apposition involving two labeled elements in the EV-treated animaIs. 

Consequért'tly, in the EV-treated females, the dendro-tanycytlc appositions . 

were third in frequency of occurrence, being ~x equo with the dend~ 

dendritic apposition. In ~V-treated rats, but not in controls (Table Il), , 

there were as many TH positive dendrites directly apposed to unlabeled 

dendrites as to labeled dendrites. The small pfroportion of dendro-somatic 

appositions invoiving Iabeled dendrites and unlabeled perikarya was the same 

in EV-treated and control animaIs. The greatest difference between the EV-

treated and control groups occurred in tge number of dendro-somatic 

appositions involving labeled dendrites and Iabeled perikarya. The .per-

centage of these appositions was markedly higher in EV-treated animaIs than 

in controls (Tables II and V). 

Finally, although TH negative dendrites never came in direct appo~ 

sitiot'l to labeled nerve ceU bodies :l'.n control a,nimaIs, unlabeled dendrites 

closely apposed to.both labeled (in 2 instances) and uniabeled perikarya (in 

one instance) have been seen ln the EV-treated animaIs • 

. 3. Axon TerminaIs 
~ 

Only 8 immunoreactlve axon terminaIs were observed, two of which 

were seen in synaptic contact with unlabeled nerve celi bodies, and one with 

an unlabeled dendrite. Three labeled terminaIs were apposed to TH negative 

dendrites, and one to a tanycytic process. The remaining terminal was .1aply 
1 

surrounded by glia. Labeled axon terminaIs were never seen synaps1ng on, or 

'even coming in 'close apposition to, TH positive pe,rlka~ya. 
v~ 

'. 

'. 

, 
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o 
c) Intact Males 

1. Perikarya 
~ 

The uitrastructural features of the', 20 immunoreactive perikarya 

obse~ved in Intact male rats were sim1lar to those' described in the female. 

The ,male arcuate nucleus, however, contained slightly smaller nerve cell 

bodies, averaging about 7 ~m in short diameter and Il ~m in long diameter. 

At points where there was no glial sheath adjacent to the perikarya, various .. 
elements of the neuropil contacted the cells (Fig. 15). Note that no 

somato-1Jomatic apposition, such as the one seen in control females, 'W,as' 

encountered in the males. 

2. Dendrites 

As in the case of the female, the majority of TH positive processes 

within the intact male arcuate nucl~1Js ~onslsted of denêlritic profiles, 

("" 
most ~of which were contacted by unlabeled axon termin~ls, predominantly 

forming asymmetrical synapses (Table VI). As in the normally cycling 

female, the second most common type of contact fas the dendro-tanycytic 

appos1ti:Jon, fOllowed by appositions involving either 2 labeled dendrites, or 

one labeled and one unlabeled dendrite. Appositions - involving labeled 

dendrites and both labeled and unlabeled nerve cell bodies occurred in equal 
, 

--------~p~rNeMp~o~rtions ln the male and in the normally cycling female. However, un~ 

-- labeled dendrites ,were seen directly apposed to labeled perikarya (in two 

instances) in the male rat whereas such 
1 

relationship was not found in the 

norllSUy cycling female.-- Such appositions vere alsQ present ln EV-treated , .-
\ -

fell8les. 

The exam1natiQn of, 24 unlabeled perikaryal profiles also revealed 

the. pre8ence of 2 dendro-aollBtic appositions involving TH positive den-
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TABLE VI: TYPES OF RELATiONSHIPS OBSUV!D BETWlBN TH 
POSITIVB DENDRITES AND OTBER BLBHENTS OF 
INTACT MALE ARCUAT! NEUROPIL 

Ani.als 

Cl C2 C3 

~ 

Total ITH+ dendrites o~served 261 152 74 
1 

laxo(TH-)dendritic(TH+)8ynapses 69 24 24 
(26%)* (16%) (32%) 

ITH+ dendrites apposed ~: - , 

Tanycytic proces8es : '~~ 20 '11 8 
(8%) (7%) (lU) 

\ ". , TH+ den~rites 13 4 2 
,0 

(5%) (3%) (3%) 

TH': dendritès U~ 3 4 
(4%) (2%) (5%) 

TH+ perikarya 1 0 l 
(.4%) (0%) (1%) 

TH:". perikarya 1 1 '0 
(.4%' (.7%) (~ 

"~J -TR+ axon terminaIs 0 3 
(0%) (2%) %) . 

* % • ITH+ dendrites involved 1n a 11ven type of contact 
Total nuaber of ,TH+ d~ndrite. obaerved 

'. \ 

J ~ ~ ~ 

Ls .. ' .. _ ,- .<., ~ d<;~~~~~' :.~:,:-,,~.,-~,,~ 
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Total 

487 

117 
(24%) 

. . ~ 

39 
(8%) 

l' 
\ 

19 
(4%) 

_ .... 18 
(4%) 

2 
(.4%) 

. 2 
(.4%) 

i ", 
3 

(1%) 

"': 
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drites. TH negaUve dendrit,es, however, were Dot seen contacting unlabeled 
. -.. 

nerve,cell bodies. 

-in aIl other groups, dendritic appositions in the male generally 

lacked any specializations. Ho~ever, there was one instance of a dendro7 
~ 

dendritic apposition, involving 2 labeled elements, where prominent membrane 

spec;:ializations were present at the contact site, although vesicles were 

absent (Fig. 16). Finally, 3 of the TH positive dendrites were in direct 

apposition to a labeled axon terminal. Such appositions vere never en-

countered in no~mally cycling nor EV-treated females • ... 

3. Axon Terudnals 
. 

A total, of 30 labeled axon terminaIs, which were morphologically 

similar to those encQUntered in the ,~ult fe~le, ~ere observed. Nine of 

these terminaIs were directly apposed to unlabeled dendrites, 6 to tanycytic 

• 3 to labeled dendrites, and one synapsed on a tH positive dep-processes, 

drite. The remainder of the observed terminaIs were' surrpunded by glia. 

11- ONTOGENY OF THE TIDA SYSTEM 
\ 
1 •. ~ 

A. Ltght Microscopie Observations 
c..-,....; 

a) Neonatal Females ,-
Levels A through D of, the femaIe neonatai arcuate nucleus were 

- q , 

examined (Plate 4a-e). At a11 levelS, 'the labeled--neurons were morpholo~ 

g1ca11y sim11ar to adult arèuate neurons as demonstrated by Golgi etudies 

(van den Pol and Cassidy, 

" 

..... 

1982), showing one to severaI dendritic processes 
1 

-
, 
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emerging from 4 fusifora nerv~ell body. At level A (Plate 4a), i .. uno. 

reactive nerve" celi bodies and processes were seen directly beneath the 

ventric:;ul'ar, floor. These lat,eled cells and processes extended extensively 

beyond ~he arcuate nucleus area, latera11y, just above the ventral surface 

of the hypothala'~us. At level B (Plate 4b), the TH positive perikarya and 

processes were mostly lQcated in the ventro-Iateral region of the arcuate 

nucleus, on either side of Che third ventricle. These labeled elements 

again extended beyond the arcuate nucleus, lateral~y, just above the ventral 

hypothalamus. Lightly staitled perikarya and pr'cesses t however, were dso 

occasionally encountered in the medio-dorsal arcuate region. At leveh C 

and D (Plate 4c-e), the distributional pattern, of labeled cells and pro-

eesse's resembled that of the adult with 2 exceptions: the small number of TH 

positive perikarya and proce~es present in the medio-dorsal portion of the 

'nucleus, and the abundance" of ;J.mmunoreactive neurons in the ventro-lateral , 

region extending • laterally, ~just above the ventral surface of the hypo-

thalamus. TH 'positi~e, perikarya occasionally oceurred within the Median 
, / / ", 

eminenee (Plate 4c). 

The small TH positive,pu~ctate elements seen in the adult vere very 

scarce wlthln the neonatal arcuate nucleus. However, th& external layer of 

the Median éminence eontained numerous label~d punetate elemente. 

b) 15 Day Old Females 

Levels A to E of the arcuate nucleus of 15 day ~ld femaie rats vere 

exa.ined (Plate 5a-f). At level A (Plate 5a}, a fev l_unoreaêtive nerve 
, 

" ~ , 

cell bodies and processes werè present directly beneath the thlrd ventriele 

and more lateralLy~ .just above the ventral-surface of the dieucephalon. At 

levt!! B,. the distribution of the TH positive nerv! celle and processes of 
.r _" 

. -
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\! , 
the 15 day old female rat appe~red interœediate between the adult and neo-

natal patterns (Plate Sb): the medio-dorsal cluster of labeled cells (seen 

in the adult) was,present, but there was also an abundance of labeled cells 

in the've~tro-lateral arcuate nucleus and laterally, just above the ventral 

hypothalamic border as seen in the neonatal animal. However, the TH 

positive cells of theGmedio-dorsal cluster generally stained more intensely 

than the immunoreactive cells of the ventro-Iateral arcuate or lateral 

hypothalamic areas. 

At level C (Plate 5c-e), prominent dark staining medio-dorsal and 

ventro-Iateral clusters were present, together with numerous pale stain~ng 

. 
çells ln the ventr~l most lateral arcuate regions as weIl as laterally, just 

, 
above the ventral hypothalamic surface. Although level 0 (Plate 5f) 

resembled level C, it contained progresslvely fewer labeled cells within' 

both' the arcuate and laterai diencephal1c regions, and immunoreactive cells 

became i~creasingly scattered throughout the arcuate nucleus. At level E 

(not illustrated), the arcuate nucle~s contained very few dispersed i~no-

reactive perlkarya. 

The ,distributional pattern of the TH positive perlkary,a, processes·, 

a~d punctate elements 'with~n the antero-posterior extent of the arcuate 

nucleus (levels B-E) of 30 'day old female rats, was \similar to that of the 

adult female rat. c 

, 
, --



o 

o 

- '. 

52 

, B. Electron Microscopie Observations 

a) Neonatal Females 

1. Per1karya 

\ Most of the 30 TH positive perikary-a observed were ovoid to polygonal 
\ < 

\ 

in shape, although fusiform and teardrop shaped cell bodies were also' -
eneountered. These somata were considerably smaller than those encountered 

in the adult, averaging about 5 ~ m in short diameter and 8 lJ m in long 

diameter. Each of these smali immunoreact1ve nerve ce1l bodies contained a 

large nucleus, generally indented, conformirtg to the cell's shape and taking 

up most of the cytoplasmic space (Fig. 17). The majority,of these nuclear 

profiles exhibited a single nucleolus, although 4 profiles each had 2, 
/l 

nuc1eoli. 
" . 

J. , 
The thin ritn of cytoplastn was filled by a black, granular, immuno-' 

precipitate which tended -:to associate with membranous structures las in .. . thé 

adult. Alsota~ in the adult, neonatsl perikarya contained mitochondria and 
>t 

short, sometimes distended, scattered strands of endoplasmic. ~etlculum. 

,However', long Ind1 vidual stran<\s of end,oplasmic 'reticulum could sometimes be 

followed for so~e 4istance along the cell's circumference. , The Golgi 

apparatus were small and poorly developed. HultiveSicular bodies .similar 

to those seen in the adult were occaslonally encou~tered, ,(Fig. 18) but 

lysosomes,' which were frequently seen in the adult, occurred tn only one 
, 

perikaryal profile. Fèw profiles showed on1y a thin rim of cytoplasm which 

was filled with react10n product but completely devold of organelles. 

The labeled neonatal perikarya were sometimes contaeted by tanycytic 
~ 

processes for some distance (Fig. 18). In addition,. unlabèled nerve 

terminaIs and/or rH positive dendrites con~acted the neonata! labeled peri-
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karla ln a manner slmilar 'to that descrlbed ln the adulte There were also 5 

somato-somatic appositions sim!lar to the one described in the adult arcuate 

nucleus. _ Whe reas no TH negat! ve dendrite was ever seen direct ly apposed to 

labeled perikarya in adult animaIs, 10 such dendro-somatic appositions 

occurred 1n the neona,tès (Fig. 19). On the other hand, labeled term1n~ls, 
, 

which occasion~lly contacted adult immunoreactive perika~ya, never contacted 

neonatal labeled nerve cell bodies. 

2. Dendrites 

The types of relationships establish~d by TH positive dendrites were 

,examined in the neonatal arcuate nucleus. The results are shown in Table 

VII. Except fol' the presence of one neonatal axo-dendritic synapse 

Involving 2 labeled elements, and the absence of this type of contact in 

the adult 'female (and in any other age group), the tyPSls of r,elationships 

1 
involving ,TH positive dendrites observed ln the neonatff were identical to 

those seen 1n the adulte However, the proportions of th;\dlfferent types of 

contacts markedly differed ln the two age groups (compare Tables· II and 

VII). Thus, in the""neonate, the MOSt commonly encountered\type of relation-

ship was the dendro-dendritic apposition involving ?ne labeled and one 

unlabeled dendrite (Fig. 20a). The second most common type 'of contact was 

the dendro-tanycytic apposition (Fig. 21), followed by the axo-dendritic 

synapse ~ith unlabeled axon terminaIs (Fig 20c). Then, came the dendro-
,--~ 

, 
somatic apposition involvlng unlabeled and labeled perikarya respectl velY 

(Figs. 22 and 23), as weIl as dendro-dendritic appositions involving two 

labeled elements (Fig. 20b). One of these dendro-dendritic 
. 

showed a membrane specialization at the contact point (Fig. 20c) • .. 
appos1t ion8 
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% • 'TH+ dendrites involved in a g1ven type of contact 
Total nUllber of TH+ dendrites observed 
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3. Axon Te1'1l1na18 

I_unoreact1ve axon termlna1~ f1Ued vith smal1. round, dense!y 

paeked. clear vesicles, were encountered in the neonata! areuatp nucleus 

24) far Ilote frequent!y than in the adulte Forty-e1ght suc~ 'termi'nale (Fig. 

were observed, many of which formed direct appositions with unlabeled den­., 
drltic profiles or tanyeytic procesaes. A few labeled terminaIs ala~ formed 

synapses with TH negative deDdrit~s. There was one instance in which one 
. It 

synapsed on a TH positive dendrite, and another where one labeled terminal 
,10 

was apposed to another labeled terminal (Table VIII). 

Although, in our material, labeled terminaIs never synapsed or ev en 

contaeted 'TH positive perikarya, one of these was seen synapaing on a TH 

negative perikaryon. and 5 were.directl~apposed to TH negative nerve cell 

bodies. In contrast, unlabeled 
\ 

terminaIs were frequently encountered 

directly appo~ed t~, or synapsing on, both labeled and unlabeled perikarya 

(Table IX). 

b) 15 Day Old Females 

1., Perikarya 

The TH positive nerve cell profiles of 15 day old fell8le rats vere 

ovoid or fusiform, and sometimes polygo~al in shape. The size range of the o 

34 labeled perikarya observed vas approximately 6 ~m in short diameter and 

10 ~. in long diameter. Thus, these çells were slightly smaller than the 
, 

adult TH positive perikarya, but larger th~n the neonatal labeled nerve cell 
.' 

bodies. In favorable planes of secti'~:m, one nüc1eolus vas often seen in the 

larg~ indented nucleus, although 2 nuclei each contained 2 nucleoli. ,The 

nucleus took up Most of the cytoplasmic space, leaving only, a thin rim of 

cytoplasll filled vith the black immunoprecipitate. 



o 

o 
" -.. 

-, TABLE VIII: TYPES OF RELAT~ONSHIPS O.SEltVED BETWEEN LABELEO AXON 
TERHINALS AND OTHBIl ELEMENTS, OF THE NEONATAL ARCUAT! 
NEUROPlL 

Animals 

01-1 01-2 01-3 Total 

Total #TH+ terminaIs observed 19 17 12 48 

11!t terminaIs apposed ~: 

TH- dendrites \ 
. 2 4 3 9 . 

(11%)* (24%) (2~%) (1~%) 

TH- 'axon terminals 1 0 0 1 
(5%) (0%) (0%) (2%) 

TH+ axon ter.inals ~ . : 1 0 0 1 
(5%) (0%) (0%) (2%) 

Tanycytic'processes 5 3 0 8 
(26%) (18%) (0%) (17%) 

TH- perikarya 2 1 2 5 
. (11%) ) (6%) (17%) (10%) 

<> 

#axo(TH+)dendritic(TH-)synapses 2 2 0 . 4 
0 

(11%) (12%) (0%) (8%) 

#axo(TH+)dendritic(TH+)synapses " 1 0 0 l 
(5%) (0%) (0%) (2%) 

laxo(TH+)somatic(TH-)synapses 0 1 0 0 1 
(5%) (0%) (0%) (2%) 

, * ~ %. ITH+ dendrites involved in a Shen type of contact 
. Total number of TH+ dendrites observed 

\ 
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TABLE IX: NUHBBR OP AXo-SOHATIC APPOSITIONS AND SYNAPSBS 
INVOLVING UNLABBLED AlON TBRMINALS AND BOTH LABILED 
AND UNLABBLED PIRIKARYA OF NEONATAL FEMALES 

--

# TH+ pe~ikarya obaerved . . 
laxo(TB-)aomatlc(TH+) appositions: 

#~o(TB-)somattc(TH+) synapses 

, TH- perik~rya observed 

lax~atic(Tu-)apPositlona 
#axo(TB-)somatic(TH-)synapses 

. . .. 

: 

D1-1 ' 

10 

14 

1 

10 

2 

2 

• 

AnimaIs 

-Dl-2 

4 

4 

o 

Il 

10 

o 

J 

Dl-3 

16 

34 

Il 

21 

20 

6 

Total 

30 

52 

12 

42 

32 

} 8 



~ , 
l, j" t t ,t . 

o S8 

o 
As in the adult, there vere nwaerou8 altochondrla, vell developed 

Golgi apparatus, and short strands of endoplasaic reticulwa di.persed 

throughout the cytoplasm of these perikarya (Fig. 25). A couple of ly80- • 

somes vere observed in one of the labeled cells examined, and multlveslcular 

bodies were occasionally encountered. In contrast to vhat vas seen in the 
\ 

15 day old labeled arcuate perikarya did nO~ibit any obvioU8 

ensheathment. Also pertaining to this 'age group w~ous (17) 

adult, 

glial 

dendro-somatic appositions involving unlabeled dendrites 'and labeled perika-

rya. s~~ contacts vere not observed in the adult female. 
, 

Hovever 1 15 day 
Î 

old labeled perikarya were contacted by labeled dendrites and unlabeled axon 

terminaIs as in the adulte Moreo~er, these 15 day old labeled perikarya 

formed somato-somatic appositions vith unlabeled perikarya ln 3 instances, 

and with other labeled perikarya in 2 instances. 

2. Dendrites 

The types of relationships involving TH positive dendrites of the 15 

day old arcuate nucleus are shown in Table X. As in the neonate, ~he aost 

\ common type of relationship vas the dendro-dendritic apposition involving 
.. 

one labeled and one unlabeled dendrite. However, in vlew of the total 

number of dendrites observed ln each case'(compare Tables VII and.X), these 

dendro-dendritic appositions occurred mu ch more frequently in the neonate. 
, , 

Furthermore, the frequency of occurrence ofaxo-dendritic synapses involving 
\ 

unlabeled axon terminaIs and labeled dendrites was almost as h~gh a8 that of 

the dendro-dendritic appositions. The dendro-tanycytlc appositions vere the 

third most frequent association, followed by dendro-dendritlc appositions 

between 2 1abeled dendrites, and the depdro-somatic appositions involving 

both labeled and unlabeled perikarya. The two latter types of appositions 
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TABLE X: TYPBS OP RBLATIQHSHIPS OBSERVED BETWBEN TH 
POSITIVE DENDRITES AND ~R ELEHBNTS OP THE 
ARCUATE HBUIlOPIL OP 15 DAY OLD FBMALBS 

,,' 

Waals 

D15-1 D15-) 

Total ITH+ dendrites observed 87 172 94 

laxo(TH-)dendritic(TH+)synapses 10 15 8 
(11%)* (9%) (9%) 

ITH+ dendrites apposed ~: 
, 

Tanycytlc processes 7 14 5 

3 , 
(8%) (8%) (5%) 

~ 

TH+ dendrites 3' 5 3 
(3%) , (3%) (3%) 

TH- dendrites . 15 12 10 . 
(17%) (7%) (11%) 

TH+ perlkarya 3 1 1 
(3%) (1%) (1%) . • .... --"'~ 

TH- perlkarya 1 4 1 
(1%) (2%) (1%) , 

TH+ axon tertinals 0 0 1 
(0%) (0%) (1%) 

.. 

* 1 • ITH+ dendrites invQ1ved i~ a liven type oL coutact 
Total nUllber of TH+ dendrites observed 

'. 

IIItt.itlliili' ~~ioliio:!' ..... ~Î·_' "":':'~ ......... --.; . ..;..' "':'0"",,,,"; ~ .... ,s .... ~::...-.....:....-.;..,,-"-..&..-....---"-~-=--:......-_---"-~~ ~ - '" --~ _.> 

T9tal 

353 , 
33 . 
(9%) 

26 
(7%) 

Il 
(3%) 

37 
(10%) 

~ . 
5 

(1%) 

6 
(2%) 

1 
( .3%) 

" ... ~ 
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occurred in praetically equal proportions. 

rinally, there,was one instance of an apposition betweea a TH posi-

tive dendrite and a TH positive axon terminal. This type of contact vas 

not ohserved ln the neonatal or normally ey,eling female rat, but ie vas 

seen in the adult male rat (Table v~ and, as will he mentloned below, in 

the 30 day old female (Table XI). 

3. Axon TerminaIs 

Only eleven labeled' axon terminals, morphologieally siai1ar to thoae 

. deseribed in the adult, were, ~~~ved in the 15 day old. female rat. Ten of 

these terminals vere directly apposed to unlabeled dendrites, and one to a 

TH positive dendrite. Furthermore, 3 of the labeled terminaIs appoaed to 

unlabeled dendrites vere also in direct apposition to other axon teminals: 
I~ 

2 to an unlabeléd and one to a laheled axon terminal. 

e)' 30 Day Old Fema1es 

1. Perikarya 

Twenty immunoreactive perikaryal profiles trom 30 day old fe .. le rats 

were observed and found to be small, ranglng from about 7~. in short 

diameter and 9 ~m in long diameter. These- eells vere in the .ize range of 

the 15 day old labeled perlkarya. Their generai aorphologieal appearanee 

vas similar to that of the perikarya from adult rats, and as in the adult, 

vere ensheathed by glial proeesses. ln eontrast to the adult, hovever, .. ny 

more multivesieular bodies were aeen. One 30 day old 

in d~reet contact with an unlabele~ cell bOdy,\and two 

karya vere directly apposed to one another.--1Labeled 
1 

TH positive 80ma vu 

other Iabeled pert-

perik~r1a vere .1so 

contaeted by both labe1ed (Table XI) and unl4beled dendrites in equal pro-

portions. 

r 

.. 
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TABLE XI:' TYPBS OF RELATIONSHIPS OBSBRVED BBTWEBN TH 

POSITIVB DBNDRITES AND OTHER BLBMBNTS OF THE 
ARCUATB NEUROPIL OF 30 DAY OLD FBMALBS .. 

Anill8ls 

D30-l D30-2 

Total ITH+ dendrites observed 161 130 

laxo(TH-)dendrltic(TB+ ) synapses' : 26 30 
1161)* (23%) 

!!!!!. dendrites apposed to: 

Tanycytic pro cesses 7 7 
(4%~ (5%) .---

TH+ dendrites 8 3, 
, (5%) (2%) 

TH- dendrite, 15 8 
(9%) (6%) 

TII+ perikarya 2 2 
(1%) , (2%) 

TH- perikarya 3 1 
(2%) (1%) 

TH+ axon teraina1s 0 1 
(0%) Q (11) 

'--
"1;\ 

• % • ITH+ dendrite. invo1ved ln a given tYpe of contact 
Total Qu'liber of TIlt dendrites observed' 

" 

,." 
~<> ....... _'~ l, 

" , 
-

_ # _ ~ .. ~, ." ~l .. J ',__ - • ... 

030-3 

110 

23 
(21%) 

5 
(5%) 

3 
(3%) 

'3 
(3%) 

0 
(0%) 

1 
(1%) 

0 
(0%) 

.. . -

61 

Total 

401 

79 
., (20%) 

19 
(5%) 

14 
(3%) 

26 
(6%) 

4 
(U) 

5 
(1%) 

1 
(.2%) 
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2. Dendrites 

A total of 401 immunoreactlve dendritic profiles froID the 30 da, old 

female rat arcuate nucleus were examlned, and the type of relatlonships 

observed were detalled in Table XI. AlI the relationshlps present in the 

adult vere also seen in the 30 day old rats. As id tbe adul t, the most ~ 

common type of relationshlp eneountered was the axo-dendritic synapse In-

volving unlabeled axon terminaIs. ln thë 30 day old animaIs, hovever, 

dendro-dendritic appositions involving ,one labeled and one unlabeled den-

drite occurred more frequently than dendro-dendritlc'appositiona involvlng 
, 

2 labeled elements, vhieh was not the case in the adult '( compare Tables IL. 

and XI). Dendro-somatic appositions involving both labeled and unlabeled 

perikarya oFèurred in equal proportions in 30 day old and adult ànimals. 

In addition ~to the aduit type' ol' relationshlps, there was one 
\ ' .' • instance of an axo-dendritic 'apposition where both elements Involved were 

labeled. This type ~f contact 'was 8lso present in the adult male rats but 
" 

not in adult females (normaliy eyeling and EV-treated). 

, 
3. A:x:on Teninals 

We encountered only 19 labeled axon terminaIs in the JO day old 
. 

animaIs. TheBe terminaIs were morphologieally similA those seen ln the 

adulte Three were apposed to unlabeled term to unlabeled 'den-

drites. and one to a TH positive dendrite. these terainals 

synapsed on TH negative dendrites. but none contacted tan,çytic 
, 0 

proceBses, labeled perlkarya or unlabeled 

o 
... -
Î 1 
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DISCUSSION 

I~ THE ADULT TIDA SYSTEM 

A. TopQgraphy 

distribution of THiposit~ve perikarya was simila~in bath male 

~ats, and generally c~rresponded to that ~escribed by ~er 
investigators (Fickei et a~., 1975; Bosler et al., 1984; Chan-Palay et al., 

1984; yan den-Pol et al., 1984). Immunolabelèd nerve c~ll bodies were found 

in both the medi~-dorsa~ an~ v~ntro-lateral regions of the arcu~~e nucleus., 

Previous stud1es, however, did not delineate the medio-dorsal cell group as 

being distinct from ~ less clearly defined' ventro-lateral cluster of 
, 0 

Il11Dunoreacti ve neurons, in the mld"'portion of the arcuate nucleus. t,Both cell: 

groups were rather descrlbed as a single continuum. This discrepancy, bet-

ween our results and- those of others, m,ay have resulted from either the 

thlckness of the sectiol\8 , or the c way in which maps ~were constructed. 

Ch$n-Palayet al. (1984), for example, worked with 100 pm thick coronal 

sections of'the arcuate,region. Although van den Pol et al. (1984) used 
-{ 

30 Pm thick sectipns, as ve did, each of their topographical dr~ngs 

combtn~d aIl the immunoreactive neurons seen ln 3 consecutive sections. 'lt 
, 

is possible that the sharp dellneation between the two celi clusters ob-

aerved tn the present study occurs in a restricted portion of ~the nucle~s'\ 

antero-pOl.terio .. axis. Thus, thin, sections, at frequent intervals, would be 
" ' . 1 1 

required \0 lclenti'fy it. AlternJ1tivel;, \ TH _ containing neurons" may exist in 
~ 

the &one betveen the two de-.rcated clusters, but the'level of the enzyme 
, ' 

.. y be to~ lov for detect~on by our antlbody. Subsets of immunoreactlve 
~ , . , . -, 

neurone wlth different concentrationl of TH have been Identified in the - ·f 

- -

''"1 
i 
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arcuate nucleus (Brawer et al., ln press). 

The two cell groups, dorso-,edial and ventro-l~~eralt could represent 

two biochemically distinct pop~lat1ons of ~,TIDA neurons. Everltt et al. 
" 

(1984'6) , for example, demonstrated the coexistence of glutamic ac~d 

de carboxylase (GAD), and TH positive immunoreactivltie~, in most neurons of 

the medio-dorsal arcuate_nucleus of ma~e,rats. Bowever, TH positive neurons 

of the ventral areuate nucleus regi~n did not contain GAD. In view of the 

similarity of TIDA cell distribution in male and female, such a blochemleal 

parcellation may also apply to the female. 

B. Ultrastructural Organization 

The areuate neuron~l cell population has previously been described 
~~ 

as consisting of small, unremarkable perikarya, eontaining the usual array 

, 

of cytoplasm1c organelles and inclusions ,- that Is, rihoehondria, Golgi appa-. 0 

, ratus, endoplasmic
J 

reticulum, lysosomès, and multlvesicular bodies 

(Kobayashi et al., 1967; Jalm-Etcheverry and Pellegrino de IraIdi, 1~68; 

Brawer and van Bouten, 1976). The TH posi~ive perikarya observed in thls 

study conform to this general morphological descrIption. In addit~on, male' . 
and female TIDA nerve cell-bodies were ultrastructurally identlcal, although 

male TH positive perikarya tended to be slightly sma11~r than thoae' of the 

female. This lsttef observation may be of significance, in vlew of ' the 

possible inhibitory role of testosterone (T) upon, the TIDA cells, in othe 

male (see section I-C)., ... 
, 

The present results Indicated that TH i .. unoreactive neurone œake 
, .j •• 

extensive contacts with eaeb otber, \\~s weIl as wlth otber elellents of 0 the 

arcuate 
1 

neuropil. 
• 

Unexpèetedly, 
1 ind, as far as TH positive .terminais are 

1 

1 

, 

... 
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axo-dendrltlc and ~-somatlc connections are infrequently 

In contrast,' dendro-dendritic and dendro-somatic contacts are 

However, the interpret~tion of relatlonBhips established by TH 
. 

positive axon terminaIs is complicated by the fact that noradrenergic (NA) 

and adrenerglc (A) termirials, which also contaln TH (for ~eview see 
, II> 

Zaborszky, 1982), are prea.nt in the arcuate nucleus. The majority of 

noradrenergic fibers to the arcuate nucleus were shown to originate in the 

Al cell group and locus ceruleus (Palkovit~ et al., 1980b; Z~borszky et al., 

1977), while most bf the.adrenergic innervation ls derived from the 1ateral 

reticular nucleus (Cl cell group) (Pa1kovits et al., 1980a). Brownstein et 

al. (1976~ also demonstrated, by means of deafferentation experiments, that 

most of the arcuate dopaminergic innervation odglnated from within the 

hypothalamuS', while 
1 

Zaborszky (1982) indicated that a fraction of these 

terminaIs came from extrahypotha1amic source~ such as the A8 cel1 group, as 

weIl as trom the supramami~lary and caudal periventricu1ar nuclel (AlO and 

AlI cell groups respectively). Thus, the arcuate nucleus contains the three 

types of catecholaminerglc nerve terminaIs. 
<1 

Although the TH antibody used 

in the present study labels dopaminergic nerve terminaIs (Picke1 et al., 

, " " 1981), it can not be considered as selective in a region also cont~ining 

~ 
other catecholaminergic nerve endings; in as much as thls sa~e antibody has 

been shown to staln noradrenergic terminaIs as weIl (Pickel, 1982). 

Since the TH antibody should theoretically recognize both NA and DA 

nerve terminaIs, lt ls surprising tbat so few labeled terminaIs were ob~ 

served within the arcuate region. This may be due, in part, to the pre-
, 1 

ferential stainlng of DA terminaIs over NA terminaIs (Pickel et al., 1975; 

Hokfelt et al. \1976). 
, h 

There i8, presumably, êither a higher TH ~oQtent in 
~ 

DA than ln NA neurons, or a TH fona in DA neurons which ls more accessible 
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. 
to antibodies than in NA neurons (Pickel et al., 1975). In either case, DA 

terminaIs of the arcuate nucleus may not be stained. Those few terminaIs 
~ 

that were labeled, however, showed strong Immunoreactivity. 

The presence in the, fixative of a relatively high concentration of .. 
glutaraldehyde (0.5%), which has been shown to significantly reduce hypo-

thalamic TH immunostaining (van den Pol et al., 1984): _aya1so partial1y 

account for the paucity of stained terminaIs. Paradoxical1y, good immuno-

reactlvity was obtained ln the dopamlnergic nerve terminaIs of the ~triatum, 

with concentrations of glutaraldehyde varying betwe~n 0.5 and 1% (Ar1uison 

et al., 1984). Some aress of the CNS, therefore, may be more sensitive to 

glutaraldehyde than others, possib1y due to different.TH molecu1ar weight . -, . 
(MW) forms,with different affinitieé for antibodies (Joh and Reis, 

• 1 
1975) • 

Both the present results and those of van den Pol et al. (1984), indicate 

that hypothalamic areas, including the arcuat~ nucleus, are, especially 

~ensitive to 'glutaraldehyde. Consequently, in,order to study the arcuate 

nucleus using TH immunostaining, perfusing solutions containing 10W, con-

centrations of glutaraldehyde should be used, and perfusion time should not 

" be unduly extended. Furthermore, the temperature of the fixative shou1d;r 

closely monitored (17-20oC) since, at higher temperatures, better tissue 

preservation is obtainèd, but loss of antigenicity inèreases. 
o , , 

Using low glutaraldehyde concentrations (0.08%), Leranth et al. 

(1985b) successfully detected TH posrtive axon terminaIs wlthln the rat 

arcuate nucleus. Although the number of TH positive axan terminaIs observed 

was not mentioned by the authors, their description suggests that these 

terminaIs were commonly encountered • Furthermore, they ~eportea the pre-

sence of numerous axo-déndritic synapses involving immunoreactive terminaIs 

and dendrites. In contrast, we rarely observed this typ~ of relationshlp 

)i 42'" 
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1 

(once ln tbe adult ma1e,~nd o~ ln tbe neonate). Slml1ar1y, on1y fewaxo-

dendritlc appositions, Involving 2 labe1ed, elements, occurred in our 

mate rial (3 in adu!t males. 1 in 15 day old fema1e, and 1 in 30 day old 

fema1es). Our resu1ts indicate tbat, failure in detecting many of the TH 

positive terminais, for reasons discussed above, pre~ented tbe dete~tion of 

several' connections involving tbese labeled terminaIs. For example, tbe 

paucity ofaxo-:-dendritic synapses between labeled ,terminaIs and unlabeled 

dendrites (Fig. 13a), may be explained by the fact that the majorlty ofaxon 

terminaIs remained unlabeled. 

Glutaraldehyde concentration ~ not tn'~on~~ factor responslble 
, , 

ofaxon terminaIs. Lerantb et.al. (198Sb) used -goôd immunostalning 

avldin-blotin-peroxidase complex (ABC), 

immunoperoxidase technlque. The ABC method i9 based on the 

of the glycoproteln avidin, for the small vitamin biotin. 

chemical _steps for the ABC method are the same as those described fol;' 

PAP method (se'e Materials and Methods), but in the former method, 

condary (or link) antibody is labeled with biotin. 

for 

tbe 

an 

The ABC technique has been shown to be more sensitive than the PAP 

method (Hsu et al., 1981). This higher sensitivity is thought to result 

from the numerous peroxidase molecules present in the ABC. Indeed, the PAP 

complex contains only 3 peroxidase molecules, and 2 immunoglobulin molecu~es 

(Sternberger, 1979b). During formation of the ABC, however, avidin can act 

as a bridge to biotin-peroxidase which, in turn, contalns several biotin 

moieties which llnk avidin molecules. Consequently, the ABC has more than 3 

peroxida~e molecules and, since a greater number of peroxidase molecules 

increases stalning lntensity, sensltlvlty ls improved. 
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Despite the few TH positive terminaIs observed using the PAP method, 

strong immunoreactivity was obtained in many nerve cell bodies and den-

drites. The TH positive perikarya of the arcuate nucleus appeared ultra-

structurally similar to those shown in~ a recently published study 

(van den Pol et al., 1984). These labeled perikarya were frequently apposed 

by unlabeled nerve terminaIs, but because of the Inherent difficulty in 

staining catecholaminergic nerve endings using TH immunocytochemistry (see 

above), the non-dopaminergic nature of aIl such terminaIs is doubtful. TH 

positive dendrites were often seen in direct apposition to labêled nerve 

cell bodies and, for reasons outlined above, these TH positive elements are 

clearly dopaminerg1c. lmmunoreactive dendrites were also seen in direct 

apposition to other dendrites, both labeled and unlabeled, and tp unlabeled 

perikarya. 
• 1 , 

Leranth et al. (1985b), however, did not report such dendro-

dendritic and dendro-somatic connections. lt is not clear whether their 

immunostaining method (ABC) fai1ed to demonstrate such relationships, or 
~ 

whether these investigators focused their attention exclusively on contacts 

involving immunoreactige axon terminals. 

Although dendro-somatic appositions inv01ving dopaminergic dendritic 

processes have, to our knowledge, never been reported, dendro-dendritic 
>, 

appositions, simi1ar to those observed in the present study, have been des-

cribed in the pars reticulata of the substantia nigra (Wassef et al., 

1981). Dopamine, which can be synthesized and stored in dendrites (Pickel 

et al., 1975; Bjorklund and Lindva11, 1975; Hattori et al., 1979; Mercer et 

~ al., 1979), has been shown to be re1eased by dendrites in substantla nigra, 

both in vitro (Geffen et al., 1976; Tageru~ and Cuel10, 1979), and in vivo 

(Korf et al., 1976; Nleou11on et al., 1977a,b). To date, the mechanism 

through whi,ch this dendritic release occurs Is not well understood. Holiever, 
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the concept of dendrites acting solely as passive receptive neuronal 

appendages was abandoned many years ago, following the demonstratlon of 

presynaptic-dendrltes ln several reglons of the CNS (Sloper, 1971; Gobel et 

al., 1980;u Ellis and Rustioni, 1981; Groves and Wilson, {980; Romansky et 

al. , 1980). Based on some observations, in the substantia nigra, of 

vesicular clusters in the presynaptic dendritic structures (Hajdu et al., , ) 

1973; Wilson et al., 1977), veslcular exocytosis was proposed as a 

mechanism of dendritic release • Many investigators, however, fai1ed to 

. observe vesicu1ar c1usters; or membrane specializations, at the dendro-

dendritic contact sites within the substantia nig~a (Cuello and lversen, 

1978; Mercer et ~l., 1979; Reubi and Sandri, 1979; Was~ef et al., 1981), 
~ . 

indicating that dop~mine release May occur through a non-vesicu':ar 

mechanism. The smooth endoplasmic reticulum has been as a 

possible storage site for dendritic dopami~e (Mercer et al., 1979), 

the mode of release of dopamine stored in endoplasmic reticulum cisternae, 

is a matter of pure speculation. 

~though dendritic release still remains ta be demonstrated within 

the arcuate nucleus, the presence of numerous dendro-dendritic appositions, 

similar to those found in the substantia nigra (Wassef et al., 1981), 

suggests that dendritic release May also occur in this nucleus. Further-

more, the proportions of labeled dendrites contacting other dendrites, 'both 

labeled anc unlabeled, Were higher in the arcuate nucleus [100 (7%) Qut of 

1482 observed labeled dendrites in aIl our adult animaIs] than in the 

8ubstantia nigra [22 (4%) out of 580 observed labeled dendrites in adult 

rats (Wassef et al., 1981)J. This high incidence of dendro-dendritic 

appositions within the arcuate nucleus, suggests that these contacts do ~ot 

accur by chance, but rather represent biologically significant relati?n-
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sh1ps. Sillllarly, '" although the dendro-solla~1c apposition,! are le8s" 

trequently encountered 
1 

(except in the estradiol valerate (EV)-treated 

animals as discussed below), the absence in the normally cycling feaale, and 

the paucity in both EV-treated females and in intact males, of unlab~~~d 

dendrites apposed to labeled perikarya, indicates that appositions 

dopaminergic dendrites and arcuate perikarya are not fortuitous and may, in 

fact, he functional points of communication. Although infrequent, neuronal-

perikaryal appositions could be functionally hlghly signlflcant, ,sinee the 

closer an input is to the perikaryon, the greater is its influence over the 

cell's activlty. Final~y, the absence of any vesicular clusters, or membrane 

specializations, at the dendro-somatic and dendro-dendritic~ontact points, 

is consistent with the view of a non-vesicular dendritic release of 

dopamine, as previously proposed for the substantia nlgra (Cuello and 

Iversen, 1978; Mercer et al., 1979; Reubi and Sandri, 1979; Wassef et al., 

1981). Even though there were two instances, one in the neonate and the 
l,' 

other in the adult male, of a membrane speclallzation at the site of appo-

sition between two immunoreactlve dendrites, no vesicular clusters were 

present (Fig. 16). 

In view of the abilit~ of dendrites in the substantia nigra to re~ 
\ 

lease dopamine (Geffen et al., 1976; Korf et al., 1976; Nleoullon et al., 

1977a,bj Tagerud and Cuello, 1979), dendro-dendrltic appositions involving 

two TH posItive elements in the substantla nigra (Wassef et 'al., 1981), are 

probably funetionally signiflcant • It has been proposed (Groves et al., 

1975) that, within the substantla ~igra, 
~ 

dopamine ls autolnhibitory. This 
'( 

was based on the observed effectB of amphetamine, a drug which causes 

dopamine re1e~se (Fuxe and Ungerstedt, 1968), and ha10peridol, a dopaœine 
, 

antagonist (Anden et al., 1970), on the dlscharge rate of substantia nigra 

• 
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-neurODe. The Lptravenou8 administration of amphetamine caueed a decrease in 

neuronal activity, and this.effect could either be blocked, or reversed~ by 

the administration of haloperidol (Bunney, 1974). Haloperidol" when gi ven 

alone, produced an increase in neuronal firing. Furthermore, dopamine 

ltself, applied iontophoretically directly onto putative dopaminergic cell 

bodies, diminished the dis charge rate of the cells. More recently, Eriksson 

et al. (1985) showed that the activity of nigral dopaminergic neurons was 

reduced, in a dose-dependent manner, after the intravenous administra~ion of 

~HT 920, an azepine derivative that was proposed as a potent dopamine 
1 

agonist, with 
1 

selectivity for autoreceptors (Anden et 
, 

inhibitory effect of B-HT 920 was reversed by haloperidol. 

al. , 1983). The 

Thus, dendritic 

release may play a role in self-inhibition by the substantia nigra 

dopaminergic neurons. 

In view of the similarity between the dendro-dendritic appositions of 

the substantia nigra, and those of the areuate nucleus, it is tempting to 

propose that TI DA cells may also be self-inhibitory, by way of a dendro-

dendritie, or dendro-somatie meehanism. Bioehemical evidenee supports this 

possibility (Ki~er et al., 1978). F\110Wing the administration of the TH 

inhibitor alpha-methyl-p-tyrosine, to haloperidol-treated rats, a sign1-

ficant deerease was observed in dopamine, but hot in noradrenaline 

concentration, within the median eminence. In addition, there was an 

increased ra~e of dopamine depletion, aceompanied by an increase in TH 

activity, within the median eminenee, as indleated by the irrerease in Vmax, 

but an unchanged affinity of the enzyme for its substrate, or cofaetpr. The 
/ , 

experimentally induced inerease in dopamine turnover rate, and in synthetie 

capacity of TIDA cells, led the authors to suggest an increased eleetrieal 

activity in TIDA neurons. 
)' " .. 

Thus i' in addition to bloek;l.ng the post-synaptic 

1 , 

, ' 
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dopaminerg1c receptors w1th1n the med1an ea1nence, haloperldol •• Y 1nhib1t 
'--

self-tnh1bitory , receptors located on TIDA neurons. It has been 8uggeated 
~ 

(Kher et al., 

~ of recurrent r criteria (Yagi 

ever, would 

1978) that this self-inhibition may occur through the action 

axon collaterals, ldentified using electrophys10logical 

and Sawaki, 1975). Such electrophysiological methods, how-

.ost llkely be Inadequate to distinguish between axon 
( 

collaterals or dendritic transmission. Furthermore, it is unlikely that 

Yagi . and Sawaki (1975) would have even considered the possibdlity of a 

dendritic mechanism, since the concept i8 a fairly recent one. 

Although the paucity of TH positive axon terminaIs would seem to 

favor dendritic 
, 

( 
release as the major self-inhibitory'mechani,~, 

Il 
the many 

inconsistencies and prob1ems surrounding the staining of catecholaminerglc 
·i') 

terminaIs, render neg~tive findings difficult to Interprete Furthermore, 

as previous1yaentioned, Lèranth et al. (1985b), using the ~C method, 

observed numeroUB TH positive axon terminaIs, many of which synapslng on TH 

positive dendrites. 'The lack of detection of this type of relationship in 

the present study, may merely reflece the inadequacy of our method in de-

tecting catecholaminergic terminaIs. A proportion of the numerous unlab~led 
,r, 

axon terminaIs, observed synapsing on TH positive dendrites, may in fact 

, contain TH. Furthermore, recent radioautographic (Bosler et al., 1982) and 

immunocytochemical (Chan-Palay et al., 1984) studies, Buggest that the 
, 

arcuate nucleus contains an abundance of catechola~inergic axon terminaIs. 

In any case, recurrent collateral, and dendritic release self-inhibition, 

need not be mutually exclusive operative mechanisms. 

In addition to its self-regulation, the TIDA neuronal system may a180 

be regulating other non-dopaminergic neurons, through dendriÙc release of 

dopamine. Dendro-dendr1tlc appositions; Involving two labeled,dendrltes, 
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occurred in 8i.tlar proportions to those appositions involving one labeled, 

and one unlabeled denarite. Furthermo~e, the proportions of TH immuno-

reactive dendrites directly apposed to unlabeled'perikarya, were si.~lar to 

~ the proportions of labele4 dendrites in direct apposition to labeled nerve 

cell bodies, in both males and ,females. 

EV~treated females exhibited the same range of dendritic contacts as 

the other group~, with one important exception: there were significantly 

more TH positive den~rites apposed to labeled than to unlabeled perikarya, 

in EV-treated animaIs. The proportions of dendro-somatlc appositions' in-

volving TH immunoreactive dendrites, on both 1abeled, and unlabeled peri-

urya, were uniformly low in aIl adult groups, the on1y exception being the 
.r 0 

. 
high propor~ion of TH positive dendrites apposed to labeled perikarya in 

EV-treated animais. Thus, the EV tre~tment seems to preferentially affect 

'these .latter contact sites. Why EV treatment should have such a selective 

effect is not cl~ar, and requires further study. It wou1d a1so be 

important to determine whether this phenomenon Is sex, and/or ste~oid 

specifie. In any case, the detection of an increased number of labeled 

dendro-somatic apP?sitions, following EV- treatment, is most probably due to 

an increase in dendritic content of TH within already existing connections, 

rather than to the formation of new connections. EV was injected in adult 
" 

females, that i9, at a time when aIl 'areuate synaptic connections have been 

established (Hatsumoto and Arai, 1976), and when estradiol (E2) does not 

sti.ulate synaptogenesls withln the arcuate ~uc1eus (Matsumoto and Arai, 

1979). An increase in TH activity has also been reported following the , 
injection of estradiol benzoate ln adult rats (Tobias et al., 1981). 

Althôugh these observations do not explain why EV enhancement 'of TH content 
.. -tI 

ahould he restricted to specifie dendrites, one possibility emerges from 
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discussion ~f neonatal materlal (see section II-A). IThe shift ln TH content 

away from dendrites, as development progresses, suggests that dendritic TH 

may normally be quite low in adults. Enhancement of TH levels throughout 

the cell would thus be most appreciable in dendrites, in which the amount of 

TH might then br sufficient to detect immunocytochemically. 

The slteb where labeled dendrites come ln direct apposition to tany­

Cyti~ proc ••••• } may also be fupctional points of contact. TVa main, argu­

ments can be trought forward in favor of this hypothesis. First, such 

dendro-tanYCyti! appositions do not seem tO'oceur by chance sinee; in both 

°ma~e and female controls, they were the second most frequently encountered 

type of contact involving labeled dendrites ( the most common type of 

contact was the axo-dendrit!c synapse). Second, tanyeytes were recently 

shown to 
, 

be strongly immunoreactive for DARPP-32 <dopamine- and adenosine 

3':5'-monophosphate-regulated phosphoprotein), a protêi~ whose phosphoryl-

ation is regulated by dopamine and cAMP (Ouimet et al., 1984). Furthermore, 

the cellular localization of DARPP-32 indieated that this protein- ie not 

found ln dopaminergie neurons, but rather in dopamine reeeptiv,e cells. 

DendrQ-tanyeyti.e apposition may thus provide the basis for dopamine"-.,:.8etion 

at the level of the tanycytes. The biologiesl significanee of dopamine 

interaction with tanyeytes 19 unknown. 

r --..-' 
C. Effect~ of Sex Steroids on Male and female TIDA Neurons 

The adult rat TI~A system has been extensively studled at the light 

microscopie level, by means of fluores~ence, immunofluorescenee, and Immuno-

cytochemic~l, techniques (Carlsson et al., 1962; Fuxe, 1964; Dahlstrom an~ 

Fuxe, 1964; Fuxe and Hôkfelt, 1909; Hokfe1t et al., 19Jb; 1984b; Picke1 et 

, 
• 
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~, 1975; '80sl~ et al., 1984; Chan-Palay et a1., 1984; van den Pol et al., 

1984; Piotte et al., 1985). These st~dies. however, did not address the 

/ qqeation of p~ssible sex differences. In.fact, two recent immunocytoèhemical 

studies, providing extensive topographical .apping of this system, did Dot 

even report the sex of the animaIs used (Chan-Palay et al., 1984; 

van den Pol et al., 1984) •. Although the present investigation reveaied a 

sim1larity in the distribution of TH immunoreactive nerve cell bodies within 

the hypothalamic arcuate nuclei of male and female (both normally cycling 

and EV-treated) rats, the immunostaining r-ntensity of the male nerve cell 

bodies and processes was markedly less than that seen in the females 

(Plates .1, 2 and 3). This may be accounted for by a putative inhibitory 

effect of testosterone (T) upon TH expression in TIDA neurons (Brawer 

et al., in press). Castration-énhanced the stalnlng intensity of lndividual 

neurona in. the male, but had no, effect in the female, Buggest!ng that T, but 

Dot E2' suppressed enz~e expression. The castration enhancement in TH 

staining was reversed by replacement with T, but not with E
2

• Thus sex-

specifie differences in TH expression are probab1y due to the androgenic 

status of the male. Interestingly, the .ost intensely stained neurone 

occurred in EV-treated females. 
\; 

This may relate to a·reported. stimulatory 

effect of E
2 

on TH activity in both the hypothalamus and median emlnence 

(Tobias et al., 1981; Lofstram et al., 1977; Wiesel et al., 1978) • 

The observation that both TH positive cell clusters were best de-

I1neated in the mid-portion of the arcuate nucleus of EV-treated femalèa 

U (in comparison to intact males and normally cyc1ing females), is suggestive 

of an action of E
2 

up6n the TIDA neurons. ~ receptors have been de-

---- aonstrated withln TH immunoreactive neurons (Grant and Stumpf, 1973; 1981; 

Heritage et al., 1980; Sar, 1984). Furtheraore, f0110ving the subcutaneous 

, f 1* 
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. 
~ection of estradiol benzoate (IB)-in ovariectoaized rat., DA turnover wa • 

. 
foùnd to be higher in the lateral palisade zone of the med~n eminence 

(Lofstrom et al., 1977; Wiesel et al., 1978), and TH activlty was Increased 

in Medial basal hypothalamus (MBH) (Tobias et al., 1981). In contraet, 

Luine et al. (1977) reported a decrease in MDH TH 'actlvlty after EB adœinis-
1 

trat~on~ ovariectomized rats. Thè ~ource of thls discrepaney may reside 
, 

in the composition of the ti8sue samples, which'included the aedian eainen-

~e. parti of the pituttary stalk. and areuate 'nucleua in Tobias et al. 

(1981), but also periventricular nuelei, in 

Luine et al. (1977). 
l 

Both and periventrlcular nuelel 
f. 

'contain dopaminergic perikarya (van den Pol et al., 1984). ' In both these 

nuclei, cell bodies containing E
2 

receptors have also been d.monstrate~ 

. 
(Stumpf", 1968); Thus, E2 "luY . affect the DA-containing neurone "of the 

ventromedial ' and " . periventricular . " in a way nuclei, but not ne~es8arl1y 

1 similar to that observed for TIDA neurons_ Such diffe~ential effect of E2 

may exp1aln, at least in part, the contradtetory results obt~lned'lnJtb~ t~o 
studles mentioned above • . . 

-

11- ONTOGENY OF THE TIDA SYSTEM 

A. Topography 

In-the rat, which has a gestation pèrlod of 21 day., arcu-te'neuroni 

form late in the prenatal dev'elopmental period [ between the 16th.nd 19th 

days of gestation, and beyond (Altsen and Bayer, 1978a,b»). lt h •• alao 

. been shown that 1% of the arcuate neurone vere 1abeled 10 .nl .. 1. i lnjected . 
, .. - , 

• r 
1 
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vith [3HJ thymidine on the 3rd or 5th postnatal day. No labeled cells vere 

seen when the injection was given 10 days after 
, , 

birth (Laado, 1985). 

Further differentiation of the nucleus, including synaptogenesis, occurs for 

as long as 45 days postnatally (Hatsumoto and Aral,' 1976r. Immature 

neuronal profiles are even seen in the adult (Brawer, 1971; Walsh et al., 

1982). The arcuate nucleus, therefore, develops very la te in the life of 

the -animal. In light of this, the most surprising and striking feature of 

the neonatal TIDA system, was its slmilarity to that of the adulte ThIs ls 

not ta say that neonatal TIDA neurons were identical to their adult counter-

parts in aIl respects. 1 
Neonatal dendr1tic \rofiles, 

longer distances than those of 

for instance, were 

generally stained for 
Of 

the adulte One 

possible explanation for this phenomenon 18 a better antibody pènetratlon ~f 
J 

neo~al tissue, although there may also be changes in the amount of dendri-

tic ~ during development. Coyle and Axelrod (1972) reported a considerable 
'7 

increase in TH specifie activity within whole rat brain, between the' l5th 

gestational day and adulthood. Ouring this developmental period, a shift 

in the distrrDution of TH activity, from regions eontaloing. catecholaminer-

gic perikarya (e.g. midbrain-hypotha!amus), ta regions containing only nerve 

terminaIs (e.g. corpus striatum), was also rèported. In a recent study, 

Jimenez et al. (1984) demonstrated ~at the TH activity was low withln the 
pf 

median eminenee of 10 day old female rats, but progr.essively increased until 

it peaked at 20 days of age, and remained hlgh up unt!1 day 39 (the la8t 

time point they cODsidered). Since the median eainence containl primarily 

axODS, and axon 'terminaIs, this maturationa! shift in TH activity 

eorroborates Coyle and Axelrod's (1972) fiopings. A progres81ve age de-

pendent deerease in the TH activity of the TIDA neurons ls, therefore, not 

unexpeeted, sinee these neurons projeet exten8ively ta thecaedian e~inence. 
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Thil decrease in enzyaatic actlvity aa, be due to lower aaQunts of TH vithin 

TIDA neurons. Since synthesizing enzymes are produced in the nerve cell 

bodies, and are thus present there in bigh concentrations (Hokfelt et al., 

1984a), a small decrease in the amount of perikaryal TH may go unnoticed. 

On the other hand, a decrease in the dendritic content of TH, vhich is 

generally lower than in perikaryon, may result in loss of immunocytocbemical 

detection of this enzyme vithin adult dendrites. Indeed, although aost of 

the adult dopaminergic dendrites did not stain 8S vell as those of the 

neonate, iAtense staining was observed in most of the adult TIDA perikarya. 

Our finding of mature-looking TH positive arcuate neurons in the 

neonate, is consistent vith the study of Specht et al. (198lb) who reported 

arcuate TH positive neurons that vere aorphologically similar to those of 

the adult, as early as the l8th embryonic day. These investigators also 

described the distr~but(on of TH immunoreactive nerve cell bodies in fetal 

~.~rcuate nucleus (embryonic day 21), as being similar to that of the adulte 

However, they reported on the location of TH positl~e cells vithln the whole 

-

brain, and the arcuate nucleus vas, therefore, not studled in great detall. 

The present study of the topography of TIDA neurons revèâied that, in the 

neonate, mpst TH positive cells vere located ln the ventro-lateral region of 

the nucleus, whereas in the adult, these cells occurred predominantly in the 

medio-dorsal region. Since the characteristlc adult di8trib~tion pattern 

'''ciS still not present in 15 day old rats, but vas seen ln the 30 day old 

anlœa18, it is conceivable that cell aigration occurs unt!l at least the 

third postnatal veek. Furtheraorè, in the 15 day old animaIs, nuaerous TH 

positive perikatya vere lound both in the aedio-dorsal and ventro-lat~ral 

areal of the artuate nucleua" suggesting that cell aigration ls not yet 

coapleted at this tiaa. Hovev~r, the aedio-Iateral and dorso-ventral expan-

> • 
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o sion of the arcuate nucleu8 during developaent ahould a180 be con,idered aa 

a deter.ining factor of the final adult cell ~lstilbutlon. 

In both neonates and adults, TH positive neurons vere conal,tently 

located in the vicinity of a slightly convex imaginary line, joining the 

media-dorsal 'and ventro-lateral arcuate regions.· T~is slightly curved 

medio-Iateral axis is also the course taken by the tanycytlc processeB. One 

can speculate that young TH positive cells may follow the course of tany-

cytic processes during migration. The concept of glial processes guiding 

migrating cells during development was proposed by Rakic (1971), following. 

his observation, within the monkey cerebe1lar cortex, of a close 

a8~ociation between migrating granule cells, and highly oriented f\bers 

originatlng from a type of protoplasmic astrocyte. Slmilarly, lt waa 

suggested that glial radial fibers served as guidelines lor migrating cells 

within the cerebrum of fetal monkeys (Rakic, 1972). In order to guide 

mlgratlng TH positive neurons, however, tanycytic processes must appear 

early in development. Tanycytlc cytogenesis has been rëported t~ be in 

progress for many days after birth (Altman and Bayer, 1978c). Thua, it i8 

possible that the similarity of orientation between the course of the tany-

cytic processes, and the distribution of TH positive neurons, is merely a 

fortuitou8 event. 

B. UltrastructuraL Organization 

The finding, fn the neonate, of adult-type connections, caae a, a 

surprise since the arcuate nucleus has been shown to he relatively un-

o \ 
developed at blrth. This la Ihdlcated by the presence of nuaeroUi grovth 

cones. abundant l .. ature-looklng perlkarya, and a paucity of ~ynap.e. (Walah 
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and Braver, 1979). Previou8 evidence suggesting the early maturity of the 

TIDA system came from histochemical and pharmacological studies. Catechol-

amine fluorescence was detected as early as tbe 3rd postnatal day within 

the external layer of the median eminence (Hyyppa, 1969), a region that 

~receives abundant DA terminaIs originating fro. arcuate neurons (Fuxe and 

Hokfelt, 1966). In addition, the catecholamine-containing neurons of 

~ newborn rats have been shown to take up amine precursors, and to be affected 

by reserpine (a drug which blocks the uptake-stôrage mechanism) Land nia1----
amide (a drug which inhibits monoamine oxidase), Just like adult catechol-

aminergic neurons (Loizou, 1972). Furthermore, physiological evidence sug-

gests that the prolactin inhibitory function of the TIDA system is operative 

at birth • Ojeda and McCann tI974).reported a significant i~crease in pro-
.. 

lactin plasma levels, following the subcutaneous injection of pimozide [a 

drug that selectively blocks DA receptors (Janssen and Allewijn, 1968)] in 3 

or 6 day old female rats. This drug, however, did not have any effect when 

administered on the day of birth. It appears, therefore, that the TIDA 

system becomes functional sometime during the 72 hours following birth. As 1""', 
'--

early as the 3rd postnatal day, TIDA neurons seem to be able to regulate 

prolactin secretion through_the release of dopamine at the level of the 

median eminence. 

The morphological finflings of the present study conform very weIl to 

evldence indicatlng an early onset ~f TIDA function. Aduit-type connections, 
, --

as vell as adult cell morphology, were observed ln 2 day old animal8. 

Furtheraore, the changea occurring during developœent appear to be of a 

quantitative rather than a qualitative nature. .iThe proportions of both 

dendro-dendritic -and dendro-somatic appositions (éich type involving 2 

labeled ele.enta} did not 8ignlficantly vary tbroughout development. The 

,-, 

~ :' 
:, 

;" 

'~ 
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nuaber of TH positive dendrites directly apposed to other i .. unoreactive 

dendrites constituted ~%0of the total number of labeled dendrites observed 

in~the neonate, and 3% in aIl other age groups!examin,d. The corresponding 
. 

respective proportions for dendro-somatic appositions involvirig 2 labeled 

elements were 2% and 1%. Therefore, the connections necessary fo~ the 

putative self-irtlbitory control described for adult -'hDA neurons, may 

already be established and functional in newborn rats. The apparent --
stability of these connectionâ throughout development reinforces the idea 

that they are fufictional contact sites. In contrast, there ~ere obvious 

quantitative changes in the relative number of connections made by TIDA 
/ 

cells with other non-dopaminergic neurons. Twenty-four percent pf the TH 

posit~~ dendrites of the neonate vere in direct apposition to' unlabeled ~ 

dendrites. This percentage fell to 10% in the 15 day old animal, and 6% in 
Q , 

the 30 day old animal, reaching 2% in the adulte However, the proportions 

of imunor,eactive dendrites directly rpposed to unlabeled perikarya. reached 

adult values earlier, falling from 8% in the neonate, to 2' in the 15 day 

old animal, and 1% in bath the 30 day old and the adulte -This decrease in 

the proportion of TH positive dendrites in apposition to non-dopa.lnergic 

elements, _ay be due ta the developaent of new connections by other œaturlng 

neuronal systems within the arcuate neuropil. The formation of these nev 

,connections probably results in a dilution of the number of contacts ln-

volving the early established TIDA system. For exaœple, the frequency of 

unlabeled ax~n terminaIs, in synaptic contact vith l .. unoreactlve perikarya. 

vas found to be 3 ti.es higher in the adult than in the neonate. 

Thus, - TIDA neurons .. ke extensive contacts vith one another }lery 
\ 

earl}' in postnatal developaent. These intrinsic vhich are 

potentiall}' fURctional st blrth, are ned until adulthood. The 

" 
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quantitative 
~ . 

aaturat1onal,changes that take place .. oog contacts 1nvolv1ng 

label~d and unlabeled ele.ents, however, suggest that tbere 1s a reorgan1za-

tion. 
-~.--

~n t1se, of the conneèt1ons between the TIDA neurons and other qon-

'. 
dopasinergic nerve cells of the arcuate neurop11. 

s 

• 

• 
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SUMHARY AND CONCLUSIONS 

The topography and ultrastruc~ural connection patterns of the TIDA 

system were studied by means of the perox~dase-antiperoxidase (PAP) method. ' 

using an antibody against tyrosine hydroxylase (TH). Neonatal. 15 and 30 

~ay old females, normally cycling'and EV-treated adult females. and intact 

adult male rats were exami~ed. 

Light microscopic results indicated a sim11ar distribution· of TH 

positive neurons within the hypothalamic arcuate nucleus of adult male and 

This pattern was observed as early as postna,ta! day 30. in-
, 

dicating that by the first month after birtb, TIDA neurons have probably 

reached their final positions within the 'nucleus. 

The electron microscopic examinatton of the TIDA neuronal patterns of . 

connections, revealed that TH positive dendritic profiles frequently occur­

red ~n direct' apposition to one another, to unlabeled dendrit~s, to parika-

rya, both labeled and unlabeled, and to tanycytic processes. The extensive 

contacts made by the immunoreactive dendrltic profiles with both labeled 

perikarya and dendrites, suggests that rIDA cells may coamunicate with each 

other by means of dendritic release of dopamine. The-presence of appo-

s!tlons between TH positive dendrites and both unlabeled perlkarya and 

, dendrites, suggests that the TIDA system aay influence other neuronal po-
. 

pulations through lts dendrites.' Finally, ln view of the recent flndi~g of 

a -dopaaine-regulated protein (DARPP-32) vithin tanycytes (Oui.~t et al. 

1984), the dendro-tanycytic relationahip ia -suggestive of a 'regulation of. 

tanycytlc funetion by the dendrites of TIDA neurons • 

--~ 

. . 
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Al! 
[, 

of cd~nections (involving TH po~itiv~ dendrites) s~~n in 

-the adult, w;;e also obs~rved in the neonate. Thus dendritic releasJe. which 

has been proposed as a mechanià. 01 action for the adult TIDA .syst~.,. may 

also be effective in early postnatal development. However, postn~tal. 

maturation of different types of TIDA neuronal' connections, occurs weIl into 

the pos'tnatal period and involves quantitative changes. For example, the 
l' 

percentag'e of labeled dendrites in di rect apposition to unlabeled déndrites 

was found to be 24% in the neonate,' 10% in the 15 day old, 6% in the 30 day 

old, and o"'Y 2% in the adult. lt seems that although dendritic release 

probably takes place early in neonatal life, complete maturity of the TIDA 

system may not'be attained before adulthood • 

o - ... 
- ~\ ~ 
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ORIGINAL CONTRIBUTIONS 
~~ 

The purpose of t~e present study vas to exaaine, at poth the 
, 
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l1ght 

and electron microscopic levels,. the postnatal development of the rat TIDA 

This work a180 included a comparison betveen the TIDA systems of' 

adult male and female rats, and evaluation of a possible effect of E2 upon 

the latter. We have shown: 

1. The existence within the hypothalamic arcuate nucleus of extensive 

contacts involving TH positive dendritic profiles that is, labeled dendrites 
" 

in direct apposition to one another, to unlabeled dendrites, to perikarya, 

both labeled and unlabeled, and-to tanycyt1s proce8ses. 
f' 

2. The presence within the neonat~l female rat of the ~ame ~ypes of 

contacts (involving TH positive dendrites) encountered in the adalt. 

3. The sillilarity of the male and female TIDA systeu" in both 
1 

topography and ultrastructural pattern of connections. 

~ 

4. An increase within the female arcuate nucleus, following cfaronic 

E2 exposure, of the relative proportion of dend ro-somatic appositions 

between TH positive dendrites and perikaryae 

." 
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Plate 1 

TH positive nerve cell bo~es from repre8entative coronal 

sections taken from 4 different levels of the areuate nucleus 

of a normally eycling female rat (CIl). A range of stalning 

Intenslty is observed. The intensely immunoreactlve perikarya 

are totally black while the lightly stalned cells are empty-

looking. la 18 more rostral and 19 18 more caudal. Scale: 100 ~m 
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Figure l 

Transverse section of mid-arcuate nucleus, from w~lch Plate Id was 
-------.- . 

obtained} (the extent of the nucleus is indicated by the overlay 

ttacing;: In addition to TH positive nerve cell bodies, a complex 

network of immunoreactive processes, as weIl as smaii punctate 

elements, can be seen within the nucleus. The punctate elements 

are particularly abundant in the exçernal layer of the median 

eminence. Scale: 100 lJ ID 

. ,: 
r.~ 

:-~ 

., 

~ r, c 
~ ... .: 
" ,,' • !' • 
i! 

•• ' ... • -L! .•. -:. _ .~ ~', ., _, 1 r 



r 
1 

o 

';. . .. 'J"? 
i";"T" ,""l" "~'"-/-"'"'Jf'-''''~'''~:T'l'''~~1 

:'U 
1 i 

1 1 

~. 

-
-'-

" 

-
-



J -- \ .• 

104 

o 

\ 
'1 

.. 

. ' 

" 

Plate 2 

TH positive nerve cell bodies from representative coronal sections 

taken from 3 different levels of the areuate, nucleus of an EV-

treated female rat (EV-II). 2a 1s more rostral and 2d 1s more 

caudal. Scale: 100 p. 
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Plate 3 

fi ,_, 

TH positive perikarya frdm representative coronal sections taken' 

from 3 different levels of the ~ale a~cuate nucleus (anlm~l C3). 

3a 18 more rostral and 3e i8 more caudal. Scale: lOQ ~m 
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Figure 2 

TH immunoreactive perikaryon. Typically. a large indp.nted 

nucleus containing a nucleolus. occup1es most of tbe volume of tbe 

celle Tbe densely stained scant perlpheral cytoplasm contains: 

mi tocbondria. endoplasmlc reticulum, Golgi apparatus. lyso-

somes and multivesicular bodies. Three immunoreactive dendrites 

(arrowheads) are directly apposed to the perikaryon. At point!_ 

where its surrounding glial sbeatb 1s interrupted. the cell i8 

a180 contacted by unlabeled axon terminals. SCille: 1 lJ 11 
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Pigure 3 

lumunolabeled dendrite in longitudinal sectlon. The dendrltlc 

sbaft 18 characterized by paraxlally orlented microtubules out-

lined by the dense lmmunoprecipitate. Along tbe dendrite, four 

unlabeled axon terminaIs (arrows) make synaptic,contacts. Scale: 

0.5 ~m 

Pigure i 

, 
»1\ 

'lmmunolabeled dendrite in cross-section. The alcrotubu1es appear 

as s1lall dots outlined by the i1lllunopreciplt~te. The dendrite 1s 

contacted (upper left) by an unlabeled axon terminal. Both den­

drite and terminal are partially ensheathed by .ultiple gUal 

la1lellae (arrowheàds). Scale: 0.3 Pm 

Pigure 5 

~unolabeled cross-sectloned dendritlc profile in aynaptic 

contact vith an unlabeled terminal. At the polnt of contact, two 
, 

a~tive zones can be seen about which clear vesicles are'cluatered. 

Scale: 0.5 l1l1 

,-

( 

/ 

• 

" 
" , 

.J , . 
l 

~~I~'Il 



o 

" 

• 
" .. 
; . 



108 

-~- ,,.----- '0')' c • '. 

Figure ! 

Labeled dendrites in apposition to a tanycytic. proces/J. 

Two labeled dendrites (d'l and d3 ) directly abut .the tanycytic 

process (tan) coursing tbrough the field. Tbere are nei ther ," 

vesicles nor membrane specializations at the contact points., . A 

third dendrite (d2) appears to be in contact witb .' sheet 

emanating from the tanycytic process (arrowheads). dl is pattial-
o 

ly engul!ed by thin tanycytic protrusions (arrows). Scale: 0.5 pm 
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Figure l 

~ 

Labeled . dendrite in appoai tion to unlabeled dendrite • 
, 

4 
Neither membrane speeializations nor vesieles ~re present. The 

unlabeled dendrite is also eontaeted by 

terminaIs (arroW8~. Seale: l pm 

Figure 8 

Two labeled dendrites in apposition~ 

~ 

tvo unreaetive axon 

No Gêmbrane spe-

cialization or vesieles are apparent at the point of apposition • . 
Eaeh immunolabeled dendrite is in synaptic contact with at least 

, 
one unlabeled axon terminal. The dendrites and terminaIs are_ 

ensheathed by glial processes. Scale: 0.5 JI-

Figure 9 

Labeled dendro-somatie appositions. Two labeled dendrites direetly 

appoaed to a labeled perikaryon •. No membrane speelallzation or 

veslcles are apparent at the sites of apposition. Scale: 0.5 JI- ~ 
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Figure 10 

Labeled dendrite in apposition to unlabeled perikaryon. A labeled 

large dendritic shaft appears in direct apposition to an unlabeled 

perikaryon near the base of an.eaerging dendrite. Several axon 

terminals (arrows) are clustered in the vicinity of these two 

apposing elements. Scale: 0.5 pm 
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Figure 11 ' 

A glial 8h~ath intercalated bet~een a,TH positive dendritic 

profile and an unlabeled nerve _cell body. Scale: 0.5 ~m 
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Figure 12 

A labeled axon terminal. The profile is filled vith 

round, densely p~ed, 
, 1 

clear vesicles and a few large dense core ' 

vesicles, as well as mitochondria and profiles of smooth endo-

plasmic reticulum. This axon terminal is in direct apposition ta 
two unlabeled dendrites. There Is no apparent membrane ~pe-

1 

cial1zatlon at the contact sites. S<:ale: ..0..3 lJm 
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Figure 13a 

Axo-dendritic synapse 
~ 

and an unlabeled dendrite. 

involving a labeled 

Note the presence 

ali) teblnal 

of ~h membrane 

spec1alization and vesicular clustér. Scale: 0.5 pm 

"-
Figure 13b 

J Apposition between a labeled and an unlabeled axon terminal. 

~ Scale: 0.5').lm 
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Figure llc 

Labeled axon terœinal (arrow) in ~irect apposition to ~,tanycytic 

process (tan). Scale: 0.5 ~m 

Figure lld 

A labeled nerve terminal (arrow) in direct apposition to a TH 

pOsitive, nerve cell body. Scale: 0.5 ~m 

Figure Ile 

A' labeled nerve terminal in direct appositi~n ta an unlabeled 

nerve cell body. Scale: 0.5 pm 
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Figure 14 

• An unlabeled nerve cell body contacted by 4 unlabeled axon ter-

minaIs. Two of these terminaIs are in direct apposition to 

(arrowheads), and the others form synapses (arrows) with, the 

perikaryon • Scale: 0.5 lJm 
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Figure 15 

TH positive perikaryon fro. an intact male rat. This sma11 neuron 

contains numerous mitochondria, many lysosomes, a few scattered ER 

cisternae and a well developed Golgi apparatus. At points where 

the multilallellar glial sheath surrounding the cel1 body 

18 interrupted, numerous unlabeled nerve terminaIs contact the 

celle Seale: 1 }lm 
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FiglJre 16 
1 

Dendro-dendritic apposition invplving 2 labeled dendrttes. 

Note the membrane 8pecisliz~tion st the point of contact. Also; 

observe the me.brane specialization and vesicurar cluster at the " 
site where an unlabeled axon terminal synapses on one of' the 

immunoreactive dendrites. Scale: 0.2 Pm 
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Plate 4 

positive nerve cell bodies and processes from repre- 0 

sentathe coronal sections taken from j- different levels of a - -
< 

female neonatal (DI-3) arcuate nucleus. The intensely 1mmuno-

react1ve perikarya are filled 1n while the pale stain1ng neurons 

.. 
are note 2a is-more rostral and 2e 1s more caudal. Scale: 100 Pm 
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Plate 5 

TH positive nery-e_ce11 bodies from representative corona1 sections 

taken from 4 different levels of a 15 d~y old female (D15-2) 

arcuate nucleus. Sa is more rostral and 5f ls lIore caudal. 

Sca1e: 100 l1m 
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'igure 17 , , 

Tlt' p09itive 0 Derv. cell bo~ro .. a neonatal arcuat • 
t 

text for description). Scale: l ~m 
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Figure 18 

. ' 

TH positive nerve cell body fro,m.a-"neonatal arcuate nucleus. A 

tanycytlc process i8 closely, apposed to par~ of the external 

plasmalemma of the perlkaryon (arrowheads). Note the presence of a 

aultl vesicular body amongst the other cytoplasmic organelles. 

Scale: 0.5 pm . ... 
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Figure .!! 

, 
\ 
\ 

_ If 

Dendro-somatic apposition between an unlabeled dendrite (arrow) , 
and à' labeled perikaryo~ within the neonatal arcuate nucleus. 

Scale: 0.5 lJm 
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Pigure 20a 

One TH positive dendrite iu direct apposition to 2 unlabeled 

dendrites and an unlabeled axon terainal within the arcuate 

nuèleua of a female neonate. ~ere ia no membrane apecialization 

nor veaiêb~ai cluster at the points of contact. 
\ , 
/ 

fJ 

~ Figure ~ 
, 
\ . 

Scale: 0.3 Pm 

Dendro-dendritic ~ion involving tvo labeled dendrites witbin 

the neo~atal arcuatoe nu,~us. There is "no vesicular cluster nor 
. i 

membrane sp~;a~at the point of contact, whereas a ve-

" 
sicular cluster is present at the synaptic junction between an 

unlabeled axon terminal and one of the labeled 

Scale: 0.3 pm 

Figure 20c 

An unlabeled axon terminal synapses on a 

drite. Both vesicular cluster and œeabrane specialization are 
. 

clearly seen at the synaptic junction. ,THe labeled dendrite is 

alao in direct'apposition to another imaunoreactive dendrit~ and" 

even though no vèsicul'ar cluster'is seen at' the point of contac:t , 
(arrow), a membrane specialization la p~esent. Scale: 0.3 Pm .-
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'-Figure 21 

A neonata! d~ndritlc profile in direct apposition (arrow) to an- ~----~ 

extension of a tanycytic "rocess (tan). Scale: 0.5 llm 
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Figure 22 

A .. label,ed dendrite in direct apposition to an unlabeled p~ri­

karyon irom a feaa1e neonatal .arcûate nucleus. Scal~: 0.3 J.lm .. 
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Figure 23 

>. 

A labeled dendrite in direct apposition to a labeled and an un-

labeled neonatal nerve celi body. The external plasmalemma of 

the tvo perikarya are a1so closely apposed for some distance. 

Scale: 1 lJm 
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Figure 24 

I .. unoreactive axon teralnal withln the neonatal arcuate nucleus. 
/ 

This terminal, fl11ed vith small, round, densely packed clear 

veaicles, synapses on an unlabelpd dendrite. Scale: 0.2 ~m 
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Figure 25 

TH positive peri~srys vithin the arcuate nucleus of a 15 day old 

fe.ale rat (see text for description). A TB positive dendrite ls 

directly appoaed to the so.s (srrov). Scsles: 1 ~. 
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