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" ABSTRACT , 

1 

/ 
The functfons of somatostatin,' norepinephrfne and epinephrine in 

regulatton of rhythmic growth hormone 'secretion werè evaluated in male 
, . .' ,,' \' , 

Spràgue-Oawley rats. Thr.ee ~pe1fmen~al str~,tegies were used: \ (1) the 

chronic cannulation model t.o assess,' th, effects "of stress, latera.l _ . 

, hyp~thalamic stimulation,' monosodfum glu;tamate, and p~annacolo9ic agents on 
1 L ~ _ \ 

\, ~ >. 
growth honnone Ib'n,amics. (2) bfçcnemfcal\mappi.ng of central somatostatinerg.,ic. 

1 \ .. ". ~ , 

pa thways i nv~1vFd in growth homone regu 1 a.t~ on. and (3t an l!!. ~ ". 0 

perffusio~ syS~~ to stùfbt somatostatin .rel~~se'4 ~ 
"\ \ ' . \ ' 

" It fs \,s~own that exictatory and fnhibftory\neural inputs must be intact to 

mil! n~a! n ~~rma 1 rhythm! c growth c homo"" < secret! ~ Growth ho l'l1O ne rh!!'s are 

generated ~y hypothalamic neurons that liberate a growth hormone releasing 

factor. T~s'e neu~ons are' ~C~ivated ,b;' adr~nér~ic _~d p'robably~ , . 
\ '. \ 

noradrenergic) inputs. The periventricular 'and' a~gdal~fugal . \ . --
somatostati r)ergtc systems control ebbs f'n plasma g'rowth hormone and stress ... or" 
.. ,,~ 1 

1 1 

lateral hypothala~iC stimu.lation-induëed growth honn~ne suppress~n. 
.. ( A ,. . , . 

Cateéholamfnergic regulation df. somatostatin releas.e 1s not de!1ned c1early. 
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, '. . , Resume 

. . 

Les fonctions de la 'som tost'a·tine,. de la' norépinéphr.i~e et de 

l'ép1néphrine dan~'la régola1;'on de la sécrétion rytlimiqùe d~ l'hormone de 
.' . 

, . . '" ~,.; ,-
croi ssance ont eté etudi ees su Qes r'ats males ,de Sprague-Dawl ey. l'roi s 

, ~ 1 / ~II, , " 

approaches exper-imentales on,t et ~developpees: 1.) 'a l'aide d'une""annule 

c'bro~iqu~:Tétudes des effets au s ress, de la stimuiati.on de l'hypothalamus 
, , 

/~ .. 

latéral, du ~nosQPium glutamate et d'agents pharmacologiques sur la dynamique . . 

. de l'hprmone de croissance, 2) loca) sation'biochimique des faisceaux centraux 

'. Sbmatos,tàt1nergiques. imp11~ués dans 1\ ré;~lation de l.'hormone de croissance, 

et 3) etu<lé de ,la sécrélion dé somatoJ tine ,par périfusion in vitro. 
, ---. " 

1 r ~ .. • ; • ~ ;" 
Les resultats'montrent que.l',nt,egrl e des afferences nerveuses 

- . , 
'excitatrices et'inhibitrices est essentie le au maintien dé la secretion 

rythmi que' norm~ 1 e de l' hormone de croi ssan e./ L' accro1 ssement d,e l' hormone de 
, 1 or, i ! r j , 

croissan~e est declenche par des neurones h othalamiques liberant un facteur 

.de r~l!che ("releasing. factor"). pour ~:hormon de croiss,ance. Ces neurones . ., 

'~opt actjvés'par des afférenyes adrénergiques probablement 

n~~ad~énergiques). ~e~ systè~es somatostatinergi 

amYgdalofuges'contrôlent 'la diminution plasmatique 
, \. . 

périventrjculaires 

l'hormone de croissance 

et la 'supression d\ l'jnduction par le stress obtenu p r stimulation de 

l'hypotflalamus latér\1.. La régulation catécholaminergiq s de la production 
, \ ' 

de somatéJstatine'ntest pas clairement définie. 

j't , 
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SECTION 1. .. 
INTRODUCTION AND BACKGROUND 

.' . 

There 15 compell t n9 evf dence to support the hypothesfs that rhythnrlc 

growth homone secreti on i s regu1 ated ~y di screte neuronal, structures and 

systems.. These systems have both ~tlmulatory and i nhfbf tory actio'ns on 9fOWth 

honnone secretion. Their effec<ts are thought to be medfated by the re1ease of 

hypothalamic honnones from nerve endi ngs i nto the capi1laries of thé 

. hypotha1amic-adenohypophyseal portal circulation thereby regulating the 
) 

synthesfs and secretion of growth honnone by pituftary soma·totropes. This 

control i.s achfeved by at least two hypotha1amic honnones (neuropeptides or 

,factors), somatotropin release inhfbiting factor (somatostatin. SRIF) .• a 
.> 1 .. ft 

Q tet~apep~ide that inhibits growth hormone re1ease (Brazeau et al.. 1973). 

o. 

and growth honnone ·releasing factor (GRF). the structure of which fs unknown. 

Secretion of the se hypothalamic hormones is, in turn. ~élieve~ to be regulated 

(modulated) by second order n~uronal systems that project,1;o or- originate 

withi n the hypothal amus. and release ami nergic neurotransmftters. 

The fol1owing pages review experimental observations supporting, the abovt 
. --

concepts and establ i sh the background upon whieh the hypotheses i n ~his 

dissertation were developed and tested. 

A. PITUITARY GROWTH HORMONE 

Human growth. homone is a Single-chain pOlypeptide (mo1ecular wefght 
, , 

approx. 21,500) contain1 ng 190 ami no acid residues· (Merimee, 1979). Growth 

honnone accounts for 4-10 percent of the wet wei ght of the adu1 t huma" 

pituitary •. It 15 secreted and synthesized by specifie cells 'in the anterior 

1 
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pituit.ry, ~he som.totr~e ~j~r'ty of these cells are eosinophilic, as 

determfned :by c~vel)tional stgJning techniques. , ~1 stoehemical an~ 

'iQ1lTlunofluorescent methods have demonstrated that the se eell s. are di ~tinct fram 

those that synthesize other pituitary tropic ,hormones •. Somatotrop~s are best 
, 

recognized by electron, microscopy. The typical somatotropic cell possesses 
\ , • 1 

numerous, hrge, round seeretory grlfftl'l es that are 300-400 mu in di ameter. 

At the cellular level, release of growth hormone appears to i~Olve 

exocytosis or fusion of seeretory granules within the plasma membr ne, # 

,fp)lowed by solubilization and diffusion of the granule content int the 
~ t 

circulatïon. Membrane fusion must be preeeded by movèmeot of secretory . 
granules from their site of formation, the Golgi area, to their site ,of' 

e 

exocytosis, t~e plasma membrane. Studies with vincristine indicate that the 
/' 

microtubu1ar system is involved in both basal and induced secretion of growth 

hormone. The exact role of cyC'l ie AMP and cycl ie GMP is not as yet clarified 

in this process. 

Growth hormone circu1ates unbound in the plasma. The half-life of . 
di sappearance is between 17 and 45 minutes and the .. ~stimated rate of secretion . ( 

;s approximate1y 17 pg/hour or 400 pg/day (Martin, 1977). Growth hormone does 

not aet on a specifie ~arget organ, but exerts effects at many different 

sites. It has both an insulin-like and anti-insulin effeet on glucose 

metabolism, a powerfu1 anabolic action promoting enhanced incorporation of 

amine acids into protein, and~ lipolytic effects (Merimee, 1979). However, the 

insulin-1U~e aetivity may'be a pharmacologie effect. The biologic actions of 

growth hormone are thoug~t·to be mediated by a elass of substances, 

somatomedi ns (MW 7000-9500), that 'are synthes i zed by hepatic, and 
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possibly renal cells. Somatomedins stimulate sulfate incorpora~ion into 

~cartilage (sulfation factor) and thymidine uptake in liver, and also have 

insulin-like effects (Martin, et al. 1977). 

" 

B. PATTERNS OF SPONTANEOUS GROWTH HORMONE SECRETION 

Î 

Rhythm is defined as "nonrandom variation, especially uniform or regtl1ar 

variation, of any quantity or condition characterizing a process" (Websters, 

1977). It denotes "regular patterned flow, the ebb and rise, of sounds and 

movemeflt in natural phenomenon, speech, music, writing, dance, and other 
+ 

physical activities.,1/ One who is expert in, studies or produces, or has, a 

keen sense of rhythm is defined as a rhythmist. , 

Div.ers rhythmists have shown that pla~ma levels of growth hormone rise and 

fall at frequent intervals in man and e'xperimen~al animals. This pattern of 

secretion has been described as rhythmic, episodic, or pulsatile. 

Ba'sa1 levels of pla'Sma growth hormonè 1n resting, nonstressed human ad1l1ts 

range from 1-5 ngfml (Martin et al., 1977). Howe~èr, se'q~éntial 
, 

determinations ât frequent intervals throughout the day and night show , 

signifi<cant oscilla,tions. Individual surges of growth hormone reach plasma 
. \ 

levels of 20-60 ngfml, the largest peaks usually Occur during the first two 

hours of'nocturnal sleep (Martin et al., 1977; Soyat., 1978).' There is a close 

correlation between age and 24 hour secretory rate of growth hormone with 

hfghest levels d~ring adolesence, followed by a decline in young adults 

(Finkelstein, 1972) •. 

The metabolic basis of these physiologie osci l·lations in growth hormone 

secretion in man has been the subject of numerous investigations. Physiologie 

changes in plasma amino acids orfree fatty acids have minimal effects on the' 
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pattern of grow~ hormone sec~et10n (Mlr~1n et aL,. 1917; Re1ch11n. 1974a,b). 

~perglicemia temporarily ~uppresses daytime growth hormone surges and fasting 

1ncre~ses their frequency. However, noctûrnal growth hormone secretion is not 

affected by either fastfng'~Or ~poglycem1a (Ma~tin. 1976). 'Jhes~ data 
, " 

indicate that. sudden changes in pl~sma growth hormone levels .. are,.not the 
" ' resu1t of variations in metabolftes in the peripheral circulation. 

, ~ \ ~ 
Q 

Sfmf1ar profiles of growth hormone secretion have been documented fn 

experimental an1mals. Chafr-adapted rhesus monkeys have episod1c secretion of 

growth hormone. u~rela'ted to calorie fntake, stress, or b,lood glucose levels 

, tMarti,n, 1976). Akin to humans, ·the baboon shows a si gn1fic~nt' el evatf on in 

plasma growth hormone dur1ng sleep (Parker et al •• 1972). Episod1c' re1ease of 

growth hormone.is a1so observed in the unanesthetfzed rabbit (Mclntyre and 

Ode 11, 1974). 

l'n the rat, growth hormone secretion 15 characterized by high amplitude 

secretory epfsodes thât reach 1evels greater than 800 ng/ml (Tannenbaum and 

Marti n, ,'976). Thè ri ses in growth~ne occur rap1 dly and te~inate 
"' " abruptly. The rate ~f.decline in plasma growth hormone levels after a pulse 

" 

15 consistent with the half-1ife ~f the hormone. Secretory episodes of growth 

hormone in the ~ale albino rat occur rhythmica~ly every 3-4 hours and th1s 
, . 

rhythm 15 entrained to the l1ght-dark cycle. Since ft 1~ot consistent1y' 

-affected'by feeding or glucose infusions, episodic growth hormone secretion in 

the rat~ as in man and other animals, is not primari1y determined by 
, , 

requirements for glucose homeostasis (Tannenbaum and Martin et al., 1976). 

,ln comparison ta other hormonal systems, there is no apparent relationship 

~-:: between rises and ebbSi of growth hormone release ln the rat and .:other 

pituitary honnones such as prolactin and thyrotropin, adrena1 corticosterone 
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"~ f.IJfcat10n of ACTK'~$ecret1on), and the pancreatfc honÎories, ,glucagon and ' 

. ;' , 
insu11n (Martin,· 1976; Martfn et al.; 1978a). M!chanfsms responsfble for thè 

A 

generatfon of rhythlric growth. hormone secretfon are specffie and fndependent 
• ,1· 

of other hormonal "pulse generators." 

The amp,lft~de. fr~uency .apd entrainment of growth honaon,e s~tory 

episodes and their inde~pendence,of demands for metabo1ie ho~bstasiS fndfcate 

that ~he rises and ebbs of gr.owth hormone are generated' and control1ed 

prfmarl1Y by neural meehanfsms. This Qoncept 15 supported further by the 

observation that anterior pftuitarfes fncubated in vitro fail ta secrete 

growth hormone fn a simflar epfsodfc manner (Carlson et al., 1974). 

C. HYPOTHALAMIC STRUCTURES: THEIR RpLE IN REGULATION OF GROWTH HORMONE 

SECRETION' 

Ql 

A ,large number of experfmental ~observ~tions support the concept that 

spec1ffc hypothalamic structures are involved in the regulation of r~thmic 

growth hormone secretion (Martin et al.~ 1978a). Data from these experfments 

atè der1ved from meas~rements of p~tuitary'and plas~ g:owth, hormone levels • 
, , , 

,after ablation or activation of discrete hypotha1àmfc regions. ,\, , 

, 

An understand~ng of intra~pothalamfc cDnnections 1s e~sential in th~ 

interpretation Ç>f hypothalamic function. The classic Golgi studies h~ve 

called attention to the abundant internal connectivfty of,the hYpothalamfc 

nucle1. The increasing wealth of d~ta sU9gest that the individual 

hYpothalamic nuclei cannot be regarded clearly as funct10nal ent1ties. It has 

a150 become clear that the ~pothalamus 1s an integral part of both the 

central nervous system and the neuroendocrine control mechanism. 
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Several thousands of neural inputs go to certain ~pothal~ie -neurons; at 

, least' this order of lIagnitude of synaptic te .... inals can ,be revealed on the1r 
l , ' 

surface (Leranth et al., 197~). A similar number of intranuclear ~onntctions 

can be found organ1zing ,the cell groups as a nucleus. '0 At the same tille. the '-~ 
, ..." '. 

axons of the hypothalam1c neuro!'$ are connected partly with other hypothaluic 

cells groups. and part1y with extrahypothal.fc brain regio~st presuntably by 

means of numerous axon col,lateral $ .. 

One can conclude fram èlectrophysio10gical. autoradiographie. and elect~n 

tn1croscopic studfes that' almo,st all hypothalamfc nuclei are connected w1'th 
- , 

eath other. < 8ased o.n the pattern ofaxonal arborfzation. one can' al SD 

conclude that even a-single neuron can make contact with the neurons of 
/ 

several hypothalamic nuele1. 

, Nevertheless. onè can d1st1ngu1sh between two essential functional groups 

( .' w1th1n the hypothalamus. The first group 15 represented by connections with 
, 

the,medi~l hypothalamus 1ncluding the preoptic area. The second is 'fonned by 

connections between the medial and lateral hypothalamus. These two systems 

~1ffer from e,c.h other in bath :the1,r anatomical structure and thek...function. ' 

The lateral hypothalamus. whicn contains mainly the ascending and' descendfng 

fibers of the medial forebrain bundté and its cells, represents ~ link between 

the medial hypothalamus and the central nervous system, mainly the li.bic 
o _ -. , 

system. The different pathw~s not only pass through'the lateral hypothalamus 
• : but a1so arise and t~nninate ther,e. The neural information reach1ng ~~ 

hypothalamus 15 at least partially relayed in the lateral ~pothalamus#and 
, .~ 

enters the medial hypothàl~,!,s tbroug,h neUrons of t,he Tateral J,ypothahmus. 
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Internuclear Connecti'oris .of the Hypothallllus , ,,~ , 

a. Preopt1c' Region 
. 

The pr~opt1c regfon caR be dhided into _dial -and lateral 

-regions. 
'1) t f 

The media1 one contaf AS three nuclef: media1 preoptfc. 

"suprachfa$lllat1c, and perhèntr1cular preoptiè~ The lateral preo,Ptiè regfon 

corresponds to the preoptic part of the medial forebrain blAndle. ft contaf ns 
~, '. 

numerous fibers of j1assa9.e. Its medial part i 5 ,.t,l1ed the lateral preoptic 

nucleus~ fts dorsal part f5 the substantfa innomfnata; ana fts lateral most 
A)< ~ ~. 

part 15 termed the 'magnocellu1 ar .preopttc nucleus (Palkovits and Zaborszky, 

1979) . 

. ' Auto'radtograp~Jc stU'dies have reve~ed ,the medfal,lfreoptic nuclèus ha5 

neural 'cO'1nectio~s with ,prâctical1y all 'h,ypothalamfc nuclei and the med1~n 
"-

ellt1 nence (Conrad and Pfaff, 1976a; Swar'!son. 1976). Direct connections have 

been shown between the medial pre~Ptic nucle~s and. the arcuate and 

ve ntromed fa l neclei (Dyer and Cross. 1972; Halasz· et al •• 1975; Koves and, 

,Rehthelyi. 1976). The periventricular preoptic .nucléus has sim11ar 

hypothalamic conneétions (Conrad and P1aff, 1976a; Swanson, 1976). The 
. . 

preoptfc suprachi asmatic nucleus has contacts, w th the hypothalamic 
, / 

suprachfasmat1c ,nucleus (Swanson. 1976). The et erent ~onnectiohs of the 
~ 

lateral preopt1c area are of local origfn only' to 

Dopamfnergfc cells CA 14 cel1 group) can be fou d in the perhentricu1ar 

preoptic nucleus (Bjorklund and Nobfn, 1973; Bjork1u et a1., 1975). These , 

cells are belfeved to innervate the preoptic region CP lkovits et al., 1977). 
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The axon$ or' axon collatéral~ of the anter'for hYp~thal.1c e~uClells 
• \ ~ • • • i 

distr1bute dfffusely to the hYpothalamus (Conrad and Pfaff, 1976b). Axons .. ,' 
... , ~ ~ ,- , . 

ari si ng f~OIII d1fferent pa~;ts of t~~ s nucleus descct~d ~ the _dian elnf nence, W 

arc ua te , ventrQlft!di al and dorscnedi al nuclei. 

< ~ " c. Sup~aè:h1aSMt1ç Nucleus 
. . 
The reguhtory role of thh nucleus in, the light-dark entra"fned , 

rhyt~ of, gro,th, hormone (Martin, 1978) as well as fts ,connectfon with the 

red na create a .sp~1 al" tn~rest in' studyi ng th~ efferent connections of thts 
l 1 -1 " ' 

nucl~us (Moore, 1978). Simple ~lectrolyt~c lesi on technf ques cannot be used 

.. 

fàr the revelation of the. efferent connections ~of the suprachi asmatic nucleus 

because of the great number of pathways wi~hin or in the illlJlediate vicinity of 

, the nucleus (espec1ally' ~he stria tel'1llfnalis and medial cOt:'tjcohypo.thalamic 

:~ 

e, tract). The 'suprachiasmatic nucleus' has conneét10ns wfth the periventr1cu1ar 
.' 

G 

, 

nue.leus, median em1nen<;e, medial for'ebrafn bundIe, and ventromed1al nucleus 

(Kr1eg' 1932; Szentagothaf et al. 1968; Swanson and Cowan. 1975a). 
; . 

" Neu\ons 10ca11 zed ,1n the retrachiasmatic are~ are connected ma1nly ~ith 
, 

the arcuate nucleus and the median emfnence (Szentagothaf et al., 1968; 

'Swanson and ~owan, 1975a): 

, 'd. Periventr1cu1ar Nucleus 

1 • 'This thin nucleus 15 localized on both sides of the th1rd 

ventric~e aD<f consf sts of a del1cate f1ber meshwork of extreme density and 

severa~ layers of nerve ce1ls. Somé of the cells contain dopamine' (part of 
, , , . 

the, A 12 cel1 group) (,Dah1strom and Fuxe. 1964; Bjork1und and Nobin. 1973; . , '. 
Hokfel t. 1978} • More impor-tantly, they .c-ontai n a heavy concentràtion of 
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4Ij s~tostatin-positive cell bodies (see section I.E,l). Microlesions of thts 

nucleus cause degeneration in the arcuate nucleus 4nd bo~h lay,ers of tl1e , 
median emirience (ZabQrszky and Matara, 1979)'. . , ' 

e. Ventramedial Nucleus 
, . 

The ventromed1al nucleus, whfch consists of six $Ubd1v1sfons~' 15 
, r 

, . 
,surrollnded by li uniform ~apsul,e fOnMed by the dendrites of the ventrOlled1al 

neurons as wel1 as the nerve tenninals of !') .. rous pathways- (Mf11house, 

1973). Ffbers' of the ventranedfal nue,leus go ta the median emi nence ana the 

arc lia te nucleus. 

f. Arcuate Nucleus 

'Fhe maf n proj ec~i o~ fi el d'of the arcil,te neurons 15 ~he- median .-
~ 

emfne"nce (Szentagothaf, 1964; Fuxe and Hokfe1t, 1966: Szentagothai et al~, , . 
'1968, Vagi and, Sawak1, 1"970; Makara et al., 1972; Bjorklund et al., 1973). 

l ' ~ .... 

~ More recent elettropnrsiologfca1 and anltom.cal studies show that the arcuate 

, nucleus innervates the medi al preoptfc" suprachi asmatic, ventromedial, 

,paraventricular, and premanmf.11arr ,nueTei (-Harris and Sanghera; 1974; Makar~ ., 
. ~ 

- et al., 1972; Makarll and Hodacs, 1975; Moss et al., 1975; Renaud, 1976b, 

Zaborsky and Nakara, 197'9) •• l t 15 assumed that aion's arborize 1 n ~evera 1 

directions i.e., thefr" aJeons run .into the median eminenee, but their axons . ~ 

collaterals r"each di ffererit hypo'tha1amfc ragions. It 15 known that the 

arcuate nucleus contains dopaminerg1c (Dah1strom and Fuxe. 1964; Fuxe and 

Hokfe1t, 1966; Hokfe1t et al., 1978.) and cholinergie (Meszaros et al., 1969) 

,cells taking part presumably in the innervatfon of not only the median ~ 
, . 

eminenee but a1so of certain other hypothalam1c ce)l groups. 'This f.s 
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1,~d1cated by the observat1o~ that the dopamine content ~nd çho11ne - , 

acetyltran$ferase actfv1ty are l4lchanged in the media,1 hypothalamus after' 

complete hypot~al amie deafferen'tation (Brow!,stein et al." 1976b). 

g. Parav~ntr1cul~rt Supraoptié an~ DorsomediaJ Nucle1 

The neurosecretory·eonnections of the magnocel1ular part of the 
" . . - ~ 

paraveritricular nucleus with the pituitary have long been known and discharge 
, - , 

.. 
'of nearobypophyseal pijptides into the portal circulation have been d~scribed 

<fi' 

'by sever al investigators. The ,projections' of the pars pa~Qcellularis are 
{ 

stil.1 unknown. Relatively 1 ittle.'is known a,bout ,the' efferent\ connections' of ~ , 

the supraoptiç' nucleus 'except for t~e supraopticohYPQphyseal tract~ 

Similarly; only a' f~w data arè.knowri abou~ the intrahypothalamic connections 
. , 

of the dorsomedial nucleus. ~ 

, h. 
\ 

neurons. 

Neural.Interconnections Bétween the-Medial and Lateral Hypo~halamus 

In additi~~ to ~h~ ascending and descend~ng fibers,~f t~e ~eà~~l 0 

•. " . 
bundle, the lateral 'hypothalamus contains a lar'~e 'number of ' \\ 

The perikarya probably form a rel y system between the medial 

hypothalamus and other brain areas. The axon of neurons localized in the 
. . 

medial forebrain bundle proceed in the medial orebrain bundle pr'oper,. Their 

collaterals. may also reaeh 'the medial hypothala l,e nuelei' •. Conversely, 

'eff~rent fi bers of the medial basal hYPQthal amus may' terminate on ce11s 

,medial f~rebrain bundle, which conneet it with th ,oth~r regions of the 

central nervous system. Axons arising from the m dial basal hypothalamus 
'"", . 

(espec;ally ~rom the anter10r hypothalamic and ven romedial nuclei1 terminate 
. 

on cells in'the medial forebrain bundle. 
, , 

\ 

A significan~ortion of the fi bers ascending from the brainstern pass 

through the medial 'forebr'ain bundle.' Term;nal~ dege er'ation can be observe~ in 

l 

.. Cl a1l hypothalamic nuclei aft~r damage of the~e fibers (Zaborszky and Palkovits, 
. , 

10 
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1978). Cc;msequently, a lesion of the medial forebrain bundle proper (Morin,. 

1950; Guillery, 1957; Eager et al., 1971) cannot give information rega~ding 

the existanc~ of fibers connecting the media1 forebrain bundle with the medial 

h'ypotha1amus. , 

2. Fibe~ Connections of the Median Eminence 

The fine structure of the median eminence i~'wel1 known. According to 
\ 

their origin, the fibers can be divided into intrahypotha1amic and 

extrahypotha1amic groups. Sorne of the fibers termfnate in the pituitary. 
c 

others in the median eminence- itself. These 1ater can be of two kinds: those· 
v 

- , 
terminating on the portal vesse1s and those displaying axo-axonal contacts. 

Th-{eXistencè of the ax~axon~l contacts 1s supporte~ on1y by ~ather ~. 

ci~~mstantial evidence. 

f a.... In~rahypotha1 amie Connections ' 

Axons ~nter the median'eminence, arising from the hypothalam1c 

nuc1e1, espec;a11y from neurons of the medial basal hypothalamus. Their 

presence ~as been est~b 1 i shed by severa 1, methods (P al kov; t~ and Zaborszky, , 

1979). Most of the axons that enter the median Eminence are of 

intrahypotha1amic orig1n (Halasz et al., 1962; Szentagothai, 1964. 

Szentagothai et al., 1968; Rethelyi and H.alasz, 1970; Makarà et· al., 1972), 

however, m~y extrahypothalamic brain regions 81so project directly inta the 

med i an emi nence. 
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Neurochemfcal micromethods have revea1ed dozens of neurotransmitters, 
- - -~ - 1 

enzymes,. hormones and other ëhemica1 substances (Pa1kovits, 1977b) which' are 
-

probably locaUzed either 'fn the cap111aries or in the a?t0ns, sinee the median 
l , 

1 • 
eminence contafns a negl1gible number of cells. One cannot exc1ude that 

1 

further suJ>stances ~il1 be fdentiffed in the median eminence. The 

verification of such pathways will be imperat1ve to revise current views OR 
_ r ~ 

the physio1ogieal ro1e of the median eminence. 

Before e1ucida"tion of the hypothalam1c dopam1nèrgic ce11s (A 12 groups) 

projectfng into -the median éminence, axons ar1s1ng outside the magnoce11ular 

neclei were tenned parvicel1ular neurosecretory fibers (Szentagothai, 1964). 

"'" The application of fluorescence techniques pennitted a distinction between .... 
/' dopami nerg1 c and nondopami nergi c neurons. 

Current-ly, -the f ntrahypotha l ami c connecti ons can beo divi dèd i nto 

C~ peptiderg1c an~ am1nergic fibers. 

-' 

i. Pepti dergfc fi bers 

The majorfty of parvicellular f1bers that do not contai n, 

monoamines are c1assified as peptidergic. Most of these fi bers are of medial' 

hypot~a1am1c orig1n (Halasz et al., 1962; Szentagothài et aL, 1968; Rethely'f 

and Halas,z. 1970). As determined by Go1 gi 1mpregnations, these 'axons _arise 
. " 

most1y,from the ar<4'ate nucleus, the ventral part of the perfventrlcular 

nucleus, and the cells of the retrochiasmatic area (Szentagothai, 1964; 

Szentagothai et al., 1968). '[he axons origfnating in thè arcuate nucleu.s ean 
1., " 

be ,found in both layers of the median eminence by electron microscopy 

(Zaborszky and Makara, 1979). Gol g1 1mpregnati ons and li ght micro'sc9pic 

studies following electrolytic 1esions hfive not provided convi neing proof as 
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to whether or not the ventromedial nucleus projects to the media" eminence. 
1 

This eonnection fs asswned on the basis of'e1ectron microscopie observations 

(ZaborszJcy and Malcara, }-979); however. it was '.not eonfinned by autoradiography 
, . 

(Saper et al., 1976b). Contrary to the light and e1eetronmicroscopic 

obs~rvations followi ng lesions (Rethe1yf and Ha1asz, 1,970; Ha1asz et al., 

1975; 'Koritsanszky and Koves, 1976), autoradiographie studies revea1ed axons , , . 
projecting into the median eminenee from other hypotha1amic nuclei (preopt1c 

medial, "anterior hypotha1amic, and supraehiasmatie nue1ei) 

Cowan, 1975a; Conrad and Pfaff, 1976a,'b; Swanson 1976). 

l" 
(Swanson and 

The axons· of the ee1ls 'loca1ized in the medial basal hypothalamus 
. , 

termi nate in the externa1 1 ayer of the medi an emi nence; therefore, these eell s 

are termed tuberoinfindibular neurons. The neurons are eonneeted not only 

with the median eminence but also with preoptic and other hypotha1amic 
-

regions, presumab1y by axon eollatera1s (Makar~ et al., 1972; Harris and 

Sanghera, 1974; Makara and Hodaes, 1975). These areas, in turn, send fibers' 

to the median eminence and arcuate nucleus, as shown by autoradio~raphY. 

Tuberoinfindibular ce1ls projeet to the outer, l'ateral part of the external 

layer, where they come into close contact with the capi11aries of the primary 

portal plexus (Szentagothai, 1964) . 

.., The chemieal identification of the axons termiriating in the median 

eminence has not been carried out unequivocally. Some of the 

tuberoinfindibular cells, are dopaminergic; others are cholinergie (Meszaros et 

a1.,1969), However, they represent only a low percentage of the neurons in 

the arcuate nucleus. 
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The localf.zatfon of sQlllatostatin w1th1n the central n~rvous system\ 15 

rev1ewed in Section III, Bt 1. 

if. Ami nergic fi bers 

Biochemical methods have shown that the median eminence contains a 

large amount'of dopamine (Palkovits ~t al., 1974a) ~nd signif1cant amounts of 
, 

other b1o~en1c amines (Palkovits et.a1., 1974a; Saavedra et al., 1974;" 

Brownstein et al., 1976b; VanderGugten e~ al.: 1976). Most of them are from 

afferent connectfons of the hYpothalamus (extrahypothalamfc). However, the 

major portion of dopamine derfves from the dopaminergic c'ells of the 

hypothalamus. 

The dopamf nergfc fi bers termi nati ng 1 n the medi an emi nence ari se from the 
\ . 

cel1s of the arcuate and periventricular nuclei (Fuxe, 1965; Fux~ and Hokfelt, 

1966; Bjorklund et al., 1970, 1973, 1974; Jonsson et al., 1972b; Smith and 

,Fink, 1972; Bjork1und and NoMn, 1973; Ajika and Holcfelt, 1973, 1975). CI' 

8iochemical and electron mfcroscop'ic studies (Kizer et aL, 1976b; Pa1kov1ts 

et al., 1977b) also suggest that axons or axon col1atera1s of the Ag and A10 '~~ 

dopaminergic ~11 groups of the mesencephalon, may project to the median 

eminence. Using fluorescence microscopy, Bjorklund et al. (1973) showed"that 

. ttTe rostral and central parts of the arcuate nucleus send their axons i~to the 

pitu1tary, whereas the caudal part, being close to the infindfbulum, sends 

terminals to the median emf~ence. 

Most of the monoamfne-cOntaining axons termfnate in the external layer of 

the median eminence, especially close bel~w the surface in its lateral 
, '0 

aspect. They comprise about one-third of all axons in this region. 

Norepine~hrfne - contafning fibers are observed fn both the external and 
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internal layers (Bjorklund et al., 1970, 197,3, 1974). However, it 15 thousht 

that most of them terminate in the internal layer (Fuxe, 1965, Jonsson et al., 
" 

1972b; Swanson and H~rtman 1975). 

A detailed description of the no-repi nephrine- and ep'inephrine-containing 

fibers that project ta hypothalamus and median em;nence is provided in Section 

I,F,l,b,c. 

b. Extrahypothalamic Connections 

Most of the extrahypotha 1 ami c axons of the medi an eminence are' of 
-, 

aminergic nature (Palkovits and Zaborszky, 1979). With this exception, 

re1ative1y little is known regarding the extrahypothalamic cel1s projecting 

into the median eminence. As determined by autoradiographie studies, several 

fibers of the nucleus interstitialis striae terminalis reach the median 
_J\', . 

eminence (COnrad and Pfaff, 1976a). 

3. Structure-Function Relationships 

-Lesions of the median eminence and mediobasa1 hypothalamus suppress 

hypoglycemia- (Abrams et al." 1966) and stress-induced (Brown et al., 1971) 

growth hormone release in the monkey. Lesions of the ventromedia1 nucleus 
(~ 

cause a fa11 in plasma and pituitary growth hormone 1eve1s in young fem~le 
y • 

'rats (Frohman and Bernardis, 1968; Frohman et al •. , 1972); whereas, lesions 

~tside the ventromedia1 arcuate -nue1ei do not cause growth hormone deficie~cy 
'1 ' 

(Martin" 1976). In adu1t male rats, eleetro1ytic lesions in the ventromedial 

nucleus a1so block episodic growth hormone re1ease (Martin, 1976). 

1 j~n contrast, sma", discrete lesions of hypothalamic periventricular 

nuclei increase growth hormone 1evels (trunk blood) for up to two weeks 

postoperative1y; and inhibit stress-induced growth hormone suppression,in,male 

lS 

. ,. 



C. J .. alb1no rats (Crltchlow et al.; 1981). This effect 15 IIIOS~ likely caused by 

ablatfon of s~tostatfnergfc pa'thw~yS that orf'ginate in the perfventrfcular 

nuclei and project to th~ mèd10basal ~pothal~mus ,(see Sèctfon I.E. 1 ~nd III, 

S.l). Data fram these experfments favor thfs hypothesi·s; since s0'!'itostatin 

levels in the med1an èllffnence were redu.ced by 83 percent (Critc'hlow et al., 

1981) . 

Growth ho'nnone release can 1>e fnduced by stimulatfon of the ventromedial 

nucleus in ùnanesthetized rabbits (Mclntyre and Odell. 1974). Ei ther 
1 

unilateral (FrohlMn et al., 1968) or bf1atera1 (Martin'. 1972, 1976) activation 

of the ventromedial-arcutate region with square wave~pulses a15o' results in 

growth hormone release in pentobarbital-anesthetized ra'ts. HowÈ!ver, growth 

hormone release occurs after cessation of the stimulus, possibly as a 

posti nhibitory rebound effect. Sfmi lar posti nhfpi tory rebound surges have 

(-, been described after hypothal'amic stimulation in the sheep (Malven, 1974) and 

canine (Marti n et al., 1978a). 

Stimulation sites effective in releasing growth honmone are confined to 

the ventromedial-arcuate nucl~f. Stimulation -of the lateral or anterfor 

hypotha lalllls (F rohman et a,l • 1972, Marti n, 1972), supraopti c 0" 
paraventricular nuclei, mmmnillary bodies. or locus cerul~us has no ,ffect on 

plasma growth honoone levels (Martin 1972. Cheng et al., 1972, Terry, 
, -

unpublished observations). Electrical stimulation of the anterior or 

posterfor hypothalalIIIs (excluding the ventr:omedial nucleus) of te cat,has no 

effect on growth hornione ei ther (Kokka et' al., 1 ~72b) . 
, ~ 

Although the frequency, ebbs and light-~ntrainment of the grqwth hormone 

secretory rhy.thm are al tered in rats wi th é"OIIlplete hypotha1am1c 

, 
, , 
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() deaffere.ntation, perf~dt~ r1ses.Qf plasma 9rowth'hormore ~rsfst"(111OU9hbY 
et al., 1977). These data suggest a neural mechan1sm for epiSod1c; release of 

a "growth hOnnQne releastng factor ex1 sts ~fthin the mediobasal hypothala.s, 

and that the 'med1obasal hypOtha1all'us does not requ1re afferent ftypothaJUl1c 

conn~tions for the release of such a stimulqs. 

Cl1nfcal studies support the importance of part1cular hypothalamic areas . ~ 

in growth Hormone regulation. l'Iypothalàmfc destruction and pituftary stalk 

section resu1t-in reduced plasma growth hormone 1evels in man and in 

suppression of responses to 'insulin-indueed hypoglycemia (Martin, 1976, 1978, 

b~ Reichlfn 1974~; Brown and· Refchlin, 1972~ Muller, 1973). Hypothalamic 

1esions a1so ,partially inllfbit sleep-assocfated growth hormone re1ease 

(Krieger and G1ick, 1974). 

Taken togethe1", these data fndfcate that specifie neural systems witliin 

Cf the hypothalamus are responsible for the regu1ation of rhythmfc growth homone 

secretion. FurtherlllOrEt, there appears to be a dual regulatory system for 

generati on of growth h.orynone bursts (thl! ventromedf a l-arcuate nue1 ei) and ebbs 

(;the hypothalamic perfventrfcular nucleu~} with entrainment to the light-dark 

cycle medfated through ret1no-suprachfasmatfco-hypo~alam,ic connections. 

c· 

O. AFFERENT CONNECTIONS OF THE HYPOTHALAMUS AND GROWTH HORMONE REGULATION 

Afferent connections of the hypothalamus were ffrst fmp-lfcated fn 
".. 

pituftary growth honnone regulation by Elefteriou ët al., (1969) who reported 
.' «. r 

that 1esïons of the amygdala in the dee~use fncrease pftuitary growth 

hormone and hypothalamfc growth honnene releasi·ng actfv1-ty. Lesions of the 
1 

. amygdala and pyrifonn cortex a1so reduce plasma growth hormone 1evels in rats 
1 

(Newman et aL. 19(7). 
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Electral stf~1atfon of the _gdala, hfppocallpus,: and 

mes~~a1fC ~gmentlJD ~fnf'ùence growth hor:mone secre'tfo~ 
1972}. Furthermore, hypothala.1c' deaff.er.entation 'studfes, 

ventral ~ 

in the rat ,(Mortt n, 

in addi tf on to 

conffnn1 ng, the importance ().f the mediobasa1 hypothal anJus)ïi\growth flomone 

sec reti on. $how that the frequency, and ebbs 1 n pl aSJDa growth honnone are 
, . .,. 

al tered wf th loss of li ght-dark entrai ment (Wf 11 oughby et aL,' 1977) • 

Antérior and posterior d~~fferen1(at10n have no, aPP,arent effect on ~e nonaa1 3 

hour frequeney ôf growth honnone rises. but 1 i 9ht-dark entra'f ment f S; 
, . 

extfnguished by anterior dea~ferentat1on. .' , 
Afferent,ffbers enter ~he hypàthalamic nuclei from numerous brain 

regions. In many cases, the ~x~ct site of origin 'of .ttie ff,bers 15 not known" 
-nor their site of tetlllinat-1on. NLIIlerous pathways, passfng through the 

, 
hypothalamus further compl ieate the stucty of these. pathw~s. The afferent 

.' . 
connections of the ,hypothalamus ,that have p~tential rol~s in regulatfon of 

growth homone secretion are Hsted be1ow. Ascendi ng pathways from the 

brai nstem ta the' hypotha l-amus are di scuSSéd f ri sectf on I,F, l • 

1. Corticohypothalamfc F1ber Connections 

a. Neocortical- and limbic cortical-hypothalamic connections 

Several data indicate possible n~ural connections~ howevér, 

there 15 no direct evidence proving tMs assLlllption (Palkovi'ts and Zabor.szky, 

1979), 

b. 01factory 

A direct link exists between the olfactory tubercle and the , . , 

medial hypothalalllus as i ndicated by degenerated boutons in the ventr dial 

and arcuate nuclei and in the retrochfasmatic area (Palkov1ts 
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1979). Terminal degenerations are'a1so found in the supraoptic nucleus after 

a rostral forebr~in section including the olfactory regions' (Zaborszky.et al., 

- 1979) • 

c. H ppocampal connections (palkovits and Zaborszky, 1979) 

T e afferent hypothalamic fibers of hippocampal orfgin enter 

the septal area d ~sal'1y,/throu9h the fornix superior and fimbria hippocampi 
-

and termina~e in he ventromedial, paraventricu1ar, 'supraoptic, perifornical 

and dorsal premammillary nuclei and the mammillary body. These pathways form 

direct hippocampal-hypothalamic connections. Another large bundle of 

hippocam~a1 'efferent fibers toward the hypothalamus is the medial 

cortico-hypothalamic tract. The majority of these fibers terminate in the 

rostral aspect of the arcuate nucleus. 

2. Septohypoth al ami e conneet ions 

Autoradiographie studies have revealed the presence of fibers of 

septal origin (Conrad and Pfaff, 1976e).in numerous hypothalamic nuc1ei 

(areuate, periventricular, anterior hypotha1amic, dorsal premammil1ary, 

dorsomedial, posterior hypot~alam;c and medial mammillary nuclei). ~n the 

ather hand, Meibaeh ~nd Siegel (1977), using autoradiography, cou1d not reveal 

any projection from the septum toward the media1 hypothalamie nuclei. 
1 

Eleetranmicroscapic studies are required ta determine whether the si1ver 

grains found in dlfferent regions indicate fibers of passage or terminals. 

The supraopt ie nucleus has been studi ed by el ectron mi croseopy. ,Accord; ng to ' 

these s~udies, 13 percent of the supraoptic afferents are of septal origin 

(Zaborszky et aL, 1975) • 
• 
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3. ~gdalar connections 

The ~gdala has close neural connections wfth the ~pothal&IUs. 

Fibers reach the hypothall11us through two major pathways: _the stria tentinalh , -

and the ventral !!ygdalofugal pathw.y. The tibers connecting these two areas 

are the f ntegraI part,s of a po1ysynaptic' system between the neurQendocri ne 

hypothalanaJs and the l1mbic systenl~ 

a. Strfa terminalfs 
~ 

Fi bers coursi ng a l oop- shaped pathway fram the _gda la fOnD a ' 

ccmpact bundle on1y up to their entrance ta the hypothala1Dus. In the nucleus 

interstftialis strfae te~inalis, and a1so in the hypothalàmus proper, one can 

find only a fine. topographically diffuse system of stria f1bers~ 

The nue,leus interstitialis striae tenn1nalis representS"'bne of the 

Targest diencephalic nuclef in rats; ft 15 local ized in the angle of the 

septum, the preoptic'region, the globu~ pallidus, and the anterior 

hypothalamus, penetrating dee,ply into the preoptic regioft. 

Neurons origfnating -fn the nucleus fnterstf,tialis striae tennin-alis are . . 
alsQ eonnected wf th hypoth41 amie nuclei; namely. the preoptic. Yen~romedial, 

premanmi 11 ary and supramammi11 ary- nuclei (Valve.rde, 1965; Millhouse, 1969; 

Turner, 1974; Conrad and Phff. 1976a). 

The topography and' nature of the stri a termi na 11 s fi bers have been studi ed 

by several inv~stigatllrs.~Considering the results of a system.tic study in 

rats, the classification of De 01mos and In~ram (1972) SeeAlS to pe 109iea'1 -and 

th,e s1mplest. These authors divide the stria terminalis into three 

components, namely dorsal, ventral, and commissural. 
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. ' The dorsal component, runs throùgh 'the· anterior hypothal amie nucleus and 

, 
terminates around the ventromedial neucleus. A direct neural eonn~etion 

between the amygdala and the'ventromedfal nuclèus has been deseribed by, both 

degeneratlon (Ban and Omuka1, 1959; lundberg, 1960; Hall, 1963; Knook, 1965; 
~ " ft 

. '\ . 
Ish1kawa et al., 1969; Heimer ând Hauta, 1969; De 01mos ând.lngram, 1972) and 

el ectrophys ; 0 l ogi cal stud i es (G 1 oor,r" 1959, 1..960; G 100r et aL, 1969). 

Electr n microscopie. studies reveal (Rahman, 1970; F.ield, 1972) th~t the 

nerve terminals of strial origin'end on dendritie spine~ of neurons in thè 

ventr edial nucleus. A few axons a1so end in the arcuate nucleus (Palkovits 

and Z borszky, 1979). 
1 

Atcounts of the distribution of the ventral str.ia .terminalis fibers offer 
i 

vari~d statements derived' from studies carried out in several speeies with 
.. 

numerous methods. These data need to be verified with eleetron microscopie 

studies. The data agree that fibers terminate in the nucleus striae 

terminalis (Ishikawa et aL, 1969; De Olmos and Ingram, 1972), the preoptic 
.,. . ( 
,reglon Adey and Meyer, 1952; Nauta 1956, 1961; Morgan 1958; Valverde, 1965; 

Ishikawa et al., 1969; De ~lmos and~Ingram, 1972), the anterior hypothalamic 

nucleus (Adey and Meyer, 1952; Nauta, 1956, T961; Knook, 1965; Valverde, 1965; 

Morgan, 1968; De Olmos and Ingram, 1.972), and the ventromedial nucleus (Adey 

and Meyer, 1972; De Olmos and Ingram, 1972). 

The f·ibers running in different eomponents of the stria terminalis arise 
,-

from various cell groups of the amygdala. Fibers reaehing t~e hypothalamus 

originate from the cortical and medial amygda1ar nuclei. The fibers arising . ... 

. from the caudal third of those nuclei proceed withi n the dorsal component, !J 
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whèreas those or1ginat1ng in the rostral twO-thi~ds, of' amygdala enter the 

ventral component (De Olmos and Ingra.m, 1972). The other' amygdalar nuclef 
, , 

probably have projections through ,other structures or none 'at a1l. 

_. It must be kept in mind that the stria terminalis a1so con~ains libers of' 

brain~tem origin. These fibers are mostly aminergic and reach the amygdala 

after pass111g through the latera1 hypothalamus (Jacobowitz, 1975). 

b. Ventral ,amygdalofugal 'pathway 

This pathway is less well defined. Opinions are divergent not / 

'" on 1 y regard i ng the or i gin and course of the axons but al so whether th 1 s 

pathway contains any amygdalar fibers innervating the hypoth~lamus. The 

existence"of such fibers in the rat 1s denied (Leonard and Scott, 1971; De 
" 

Olm6s and Ingram, 1972; Heimer;-1975). There are data showing a direct neural 

connection .between the central amygdalar nucleus and the lateral hypothalamus 

(Valverde, 1963; De Olmos, 1972). However, in contrast to earlier 

observations (Szentagothai et al., 1968; MUlhouse, 196'9), more recent 

investigations could not verify th~ existence of ne~ral input of the medial 

hypothalamic nuclei tr0in the amyg.dala through. the v~ntr~l amygdalofuga,' 

pathway. Electrophysiological studies show the absence in rats and thè 
j , 

presence in cats of fiber's ~ori9inating in- the amygdaTa and reaching .the 

hypothalamus via the ventral amygdalofugal pathway (Renaù"d, 1976a). Fyrther 

studies on the amygdalofugal fibers are of importance in order to get a better 

und.erstanding of the amygdalar fibers efferent ta the hypothalamus. 

4. Hypothalamic Afferent Fibers from the Bas.al GangHa 
-

Numerous connect ions between the hypo~ha 1 amus and the bas~l-gang 1 i a 

have been described. 
". 
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\. ) a. Nucleus AcC;Ullbens. ../ / 

l 
The-nucleus accumbens 1s a relat1vely large cell' group fn the .ri~ .' 

, 
whert}as, it 1s less s1gnff1cant 1n h1gher an1mals. Although th1s structure has' 

been thought ta belong to the l1mb1c s,ystem, 1ts developllent and structure 15 

close to that df the •. triatum. In monkey, axons' arisf ng from thi's nucleus 

have 'been descr1~ fn the paraventricular and suprachfaSlJ\lt1c nuc1e1 (Powell 

and Leman, 1976). In rat, a projection was found to the medfal preopt1c, 

anterior ~pothalall1c and dorsomed1al nuclef (Conrad and Pfaff, 197~c).· 

b. Nucleus cau~atus and putamen 

There are no data f ndi cati ng di rect connecti ons of the caudate and 
• 

putamen with the hypothalamus (Pa1kovits and ZaborszJot. 1979). 

c. Pal1idohypothàlalllfc connections 

A lth~ugh authors have descri bed di rect neural connecti ons between 

C', the globus pallidus and the hypothalamus (Bard and Rioch, 1937; Papez 1938. 

1942; Ranson and Ranson, 1939. 1941; Vidal, 1940; Ranson et al •• 1941; 

Mettler~ 1945; Woo~burne et al., 1946; Laursen. 1955; Johnson and C1e1tente. 

1959). th'ere are data contradfcting tho'se Ifndings (Nauta and Mehler, 1966). 

These sttrdies require. electron mic.roscop1e verification. 

d. Tha1amohypotha1am1c connections 

There 1$ no dfrect eleetron mf~roscop1c evidence for the ex\stence 

of direct neural connections between any thalamic nuc1ei and the hypothalamus 

('Palkovits and Zaborszky, 1979). 

e. Subthalamus (Incerto~pothalamfc connect1ons) 

It fs known that catecholam1nergfc neurons (cell group A 13) 

(Bjorklund and Nob1n, 1973; Jacobow1tz and Palkovits. 1974; ,BJork1u'td et al., 

,j C 
! 
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1975)' form the incér,tàhypothal~ic dopaminerg·tc system~'" FJ~ers from this 

syst," may ,t~nninate in the dorsornedial and parave~tricular nuclei (Palkovits 

et al. t 1977a). 

5. Ret1n~hypothalamic Connections ' . , 

'Connect i onli be'tween the retlna and hypotha l anÎus have been descr j bed ; n 

all classes.of mammals (·Conrad and Stumpf, 1975a). However, there are strong 

contra'; ndicati ons as regards the 'termination of the ,ret~nohypotha 1 amie fibers 

within the hypothâlamus. If.tigid crit~e appl;ed to the methods of 

identification of such pathways, only two hypothalamic nuclei have direct 

neural input trom the retina, namely the suprachfasmatic nucleus and the 

anterior hypothalamic nucleus (Palkovits and Zaborszky; 1'979) p Neit,her have 

the studies been supported acc~rding to which fibers of the optic nerve might 

terminate 'in other hypothalamic nuc1ei (Hayhow, 1959; Hayhow et al. t 1960; 

o O'Steeh and Waugham, 1968; Sousa-Pinto and Castro-Correia, 1910, Printz and 

Hall, 1974). 

The retinohypothalamie fibers ar,e of obvious physiological significance in 

" the regulation of growth hormone secretionl-' especially light-dark entra1nment 

of Tises and ebbs (Tannenbaum and Martin, 1976; Willoughby et,al., 1977). 

6. ~tructure-Function Relationshlps 

. Electrical stimulation ,of the hi·ppocamlJus causes -growth hQ.~mone ,. 
release, whereas stimulation of the amygdala elicits either a rise or fall in 

plasma growth hormone depending on the ,exaCt location' 'Of the electr.odetip 

(Martin, J974a,b). Ac~ivation of the basolateral amygdala releases growth 
, , 

, > 

hormone (Martin, 1974a,b). This response is blocked by bilateràl lesions of 

ventromedial nu~ei, suggesting that these effects are mediated via the -

,"/, 
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. -
med10basal hypotha1allUs. In contrast, sti.ulation of the corticOIEd1al' 

IIIYgdalar region causes a fa11 in plasma g~owth hOl"lllOne levéls. A sitai1ar 
4 : ". " 

response oceurs after medial preoptic stiMulation (Martin. 1976). It is . ' 
#', .!, 

possible the ~gdalar efferents course in the strfa te~1nali$ and activate 

the inhibitory sOIIItostatinergit aaedial preoPtic.per1ventrfcuj~r sys'tetl that 

.projects to the median eminence (see section III,B,l) •. "oreover,' ft 15 . 

relevant that corona1 cuts through the anterior hypotha1amus'~ncrease growth . '. 

in the rat (Mitchell t al., 1973) and elevate plasma growth honnone l~vels 
,.; 

(Collu et al., 

growth hormone 

together, 

Destruction of preoptic are a a1so blacks stress-induced 

10n in the rat (Riee a~d Critchlow, 1976). Ta~en 

servations suggest that afferent connections of ,the 

hypothalamus have both excitatory,and fnh1bitory effects on rhythm1c growth 

homone secretion. Furthennore, the retinohypothalam1e system fs responsfble 

, --

(~j for lf ght-dark entrai ment of th15 rh.ytm. 

E. HYPOTHALAMIC PEPTIDES AND GROWTH HORMONE SECRETION 

1. Somatostati n . 
Somatostatin wu dfscovered by its abiltty to inh1bit the relea.se of 

. . 
growth- hormone fram monolayer èu1tures of dispersed anter10r pitui~ary ~ells 

(Brazeau et al •• 1973). It was first iso1ated from chromatographie fractions 
f • _,; 1 • 

of sheep hypothalamic extracts. Somatostat,n 15 a cyclic tetradecapeptide 

with a disulfide bond between the thjrd and fourteenth amino ac1ds. Chernical 

syntnesis of soœatostatfn (Rivier et al •• 1974) led to several studi~s. us1ng 

~arious experimental models, that confi~d the inhibitory effects of 

somatostatin on'the 'secretion of growth hormone by the pituitary. 
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l) Somatostati n inhibits growth hOr"lllOne' secretfon in' the rat' induced hy 

èlectrical,stimplâtfon (Martin, 1974~), pentobarb~tal' (Braze,u et' al., 1974), 

morphine, (Martin et al.,' 197~). and chlorpromazine (Kato' et al'., 1974). \ It . 
') 

prevents growth hormone rel ease f n res~onse to L-dopa' in lIIan (SJ 1 er et al.', 

1973). baboon (Ruch et ,al., 1974). I,nd ,dog (Lovinger et al •• 1~74). ,and growth 

hormone st1mulated by fnsulf n-1 nduced hypoglycelllfa (Hall et al., 1913; 'ten et 

al. 1974) and a':"9f nfne infusions in man. , Sleep-rela~d gr.'owth hormone 

secretion 15 also suppressed by sO!"!tostatin (Parker et al., 1974). . ' . \ 

Somatostatin ,pr~ts thyrotropin re1,e:sing.ho~ne-f~duce~,thlr~troPi~· " 

re1ease (Si1er et al., 1914), but,not prolactin- release. ~t also suppresses 

plasma growth hormone levels in acromega1y and diati~~s. 
, .. _\ .... ,{ .... i V 

.... 

" Afte~ intravenous fr:tfusion, somatostâtiri'~~~ ~ rapid ons~t ~nd a short 

duration of action in terms of its a~ilfty to lower plasma growth h~rmone 

levels. Growth hormone '-evels fncrease sfgnificantly after cessation ,of 

somatostatfn infusions. However, such a postinhibit~ry rebound of growth 
, . 

hormone 'is observed on1y at times spontaneous surges of growth hormone should , , 

occur (Martin et al'., l 978a)'. Admfn~strat1ort of somat~statin durin'g 'ebbs of ' 

growttt hormone secretion or to rats with hYpothalamic ventromedial nuclear 
~ , , 1 ' " 

lesfons (which abo1 f'sh rhythmic growth hormone release) 1 s n~t follo~ed by 

• 
growth hormo.ne rebound, presumably exc1udfng a direct pituitary effect • .In ' 

contrast, studies by Stachura (1976) usfng ,isolated rat pituita-ries do show 
\ 

postinhibitory rises in growth h~rmone release after cessation of exp'osure to 

somatostatin. Taken together., these data ,do not res01ve the issue of,wheth~r, 
, . 

, the rises and ebbs in gr:'~th hormone sec re tJ on' requfre the presence of a 

releasing factor. .. 
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A1th9Ugh simplistic, it ~~ possible that growth hormone ris es occur as 
o 

posti nhi bi tory rebound surges resul t1 ng from epi sodi c soma tos ta:t1 n rel ease, 

and that li rel eas 1 ng factor 15 not a: requi s 1 ~e. Severa 1 observati ons argue 

agafnst thfs theory (Martin et al., -1978a). Ffrst, ablation' or interuption of 

somatos~ti nergi~ sy'stems WC;;u1 d ab91 ish rhythmi c release and cause -

persfstent1y hi gh growth hormone 1 evels. T,h15 i s not .the case'. Albef t 

al tered f epi sodf e grQwth honnone secreti on conti nues after dep 1 eti on of 
. fj 

hypothalamfc somatostatin (Willoughby et' al., '1977; Crftchlow et. al. 1 1981). 

Secondly, stilllllat:fon of the preoptfc and corticomed1al allU'9dalar nuclei, , 

àreas rfch fn somatostatfnèrgic neurons and fibers, causes growth hônmone 

inhibition wfthout rebQlJnd. Third1,t, lesions of the ventromedfal nucleys , 

extinguish episodic growth honnone release and.result in low'leyels (Mart!o et 

al., 1974). Fourthly, aeti v'ation of speci fic afferer,tt hy~othal amic 

connections such as the hippocampus and basolateral amygd~la cause a rap1d. 
l' 

r1se in plasma growth Hormone that 15 stfmulLl.s~entrained and cannot be 
\ . '- -

attrfbuted to a posti nhfbf tory rebound effect. Finally. spmatostatin 

infusions do not cause posti nhibitory growth hormona release, wheh a<*nf nf steréd 

(a) durf ng a growth hormone ebb f n norllla l ra ts, -or (b) to ani ma 1s wi th 
, () 

ventromedial nuclear lesions. 

The availabilfty of speciffe antfsera agafnst soniatosta-tin provides 

another method whereby one can stuc:(y the funeti on of thi s tetradecapepti de in 
, J , 

regulation of episodic ~rowth Itormone secretion. Effective neutralfzatfon of 
,1 ~ 

circulatfng somatostatfn can be accompli shed by passive illlllùni z~tion wf th the 

anti serum. This ~technfque was used in the present studies ta elucidate the , 

role of somatostatin ,in grow~ honnone regulation under varfous experimental 

conditions _(see seçtions III, A,l and II,A,2). 
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The_~istribut;on'of somatostat1n has been described in several regions of 
, , l 

the nervous system. Numerous lmmunohistochemital studles, 1ncludlng sorne 

ultrastructur.al studies, deal with the loca1iz'aÙon of somatostatln in
z 

the 

nervous system (Hokfel~ et al., 1978; Elde et'al., 1978; Rorstad et al., 
'" 

1980). 1 $omatostatin is also present in the circumventrlcu1ar organs, in the 

pineal glanq,. _and in endocrine-like cells in different tissues including 

pancreas~ gastrointoestinal tract and thyroid gland (Hokfelt et al., 1978)~ 

Consideration of the ramifications of these 1ater observations is beyo~d the 

scape, of this dissertation. 
J 

S~bcellul~r distribution studies indicate that somatostatin_ in the 

hypothal amus, preoptic area, and amygdala, i 5 local; zed predominantly in 

synaptosomes (nerve terminals) (Terry and Martin, 1978b). The precise role of 

somatostatin in neuronal function is' not clea~ (Rorstatet aL, 1980). 

-$omatostatin depresses electrical activity in neurons (~enaud et al., 1975), 

'" inhibits calcium. release from synaptosomes (Tan et al., 1977), and elicits 
, 

, ...;. 

Qehavioral effects (Terry et al., 1978b; Rorstad et a1., 19S0). These 

properties are consistent wi,th a functi~n of the peptide as' a synaptic 
-. 

'.. a ' -
n~urotransmitter or modulator. 

It is obviou~ that determination of the site of origin of somatostatin in 

the hy)?othal anfus i s important to the understanding of fts function in 
, " 

regulation of rhythmic growth hormone secretion. A detai led' description of 

somatostatin-containing perikarya, nerve terminals. and pathways is presented 

i n sect ion sIl, B, l ,2,3. ' 

2. Peptides with'Growth Hormone Releasing Activity 

a. Growth Hormone-Releasing Factor " 

There are several experimental observations that support the 

o 
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existence of a growth hormone releasing factor. Evidence derived trOll the 

effects of stalk section and hypothalamic lesions 1ndicates a predoMinant 

stinw1atory 1nf1 uence of the tlypothalamus in the generàtion of growth horœone 

secretory bursts. Crude and sem1purified extracts of ~pothalamus are 

effective in stimulating growth honaone release both .i!!' vivo and.!.!! vitro 

(Frohnan et aL, 1971; Malacara et al., 1973; Szabo and Froman, 1975; Wilber 

et al.. 1971; Sandow et al., 1973; Machlin et a1., 1974; Peake et a1., 1973L 

However. all of the se later stud1es do not exclude the poss1bility that growth 

hor:none releasing actfvity may be due to contamination with other peptides 

whfch may cause growth hormone re1ease, but'which are not believed to be the 

specifie growth hormone releasi ng factor. Thus,Q al though there i s a 

considerable body of ev1dence to support the existance of a ~pothalamic 

growth honnone releasing factor, fts structure has yet to be identified. 

b. Peptides with growth hormone releasing activity 

The peptf des that are reported to release growth hormone under. 

several different experimental conditions Ire vasopressin, thyrotropin 

releasing hormone, luteinizing homone releasing honnone, alpha-me1anocyte 

stimulat,ng homone, substance P, neurotensin, myelfn basic protein, cholera 

enterotoxin and opfo1ds !enkePhalins and s-endorp{in) (Martin et al •• 1978). 

Many of the·se observa~ions were recorded in urethane-anesthetized rats and 
t 

their fnterpretations are open to question. Furthermore, not all of these 

peptides have a direct stimulatory effect on the pituitary to cause growth 

hormo~e release. For example, morphine and opioids cause release of growth 

homone in intact an1mals, but this effeet 15 blocked by pretreatment with 

pharmacologieal agents that fnhi.bit noradrenergic and/or adrenergic 
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c) neurotransmission (see section IV,B). Therefore, they, appear to act on the 

hypothalamus or its afferent connections. The ro1e of these peptides in the 

generation of growth hormone secretory bursts requires further study. 

F. CATECHOLAMINERGIC SYSTEMS: THEIR ROLE IN GROWTH HORMONE REGULATION 

The concentrations of catecholamines and serotonin (not reviewed in this 

dissertation) in the hypothalamus are h.igher thèn most other re9i~ns of the 

brai rl (Hokfelt et aL, 1978; Iversen et al., 1978; Moore and Bloom, 1978, 

1979), and they are thought ta be the primary central monoaminergic 

neurotransmitters that regulate growth h?rmon~ secretion (Krulich, 1979; Lal 

and Martin, 1980; Martin, 1980; Muller et al., 1977; Terry 1982; Weiner and 

Ganong, 1978). The high levels of hypothalamic catecholamines and the 

proximityof catecholaminergic nerve terminals ta hypothalamic peptidergic 

o neurons and thei r termi na 1 sin the medi an emi nence emphas; zes the ,Poss i bil ity 

that the funct i on of these systems .i s to regu l ate the product i on and re 1 ease 

of hypotha1amic peptides and pitui_tary hormones. 

( 

Ta understand how the neurotransmitters can control release and inhibition 

of the hypothalmic hormones, it is worthwhile tD review briefly their 

synthesis and metabolism (Cooper et al., 1978). Tyrosine is transported 

actively into catecholaminergic neurons and hydroxylated by tyrosine 

hydroxylase to L-dopa. L-dopa i5 then decarboxylated by a nonspecific enzyme, 

L-amino acid decarboxylase, to dopamine which, in turn, is hydroxylated by the 

enzyme dopamine-a-hydroxylase to norepinephrine. Norepinepnrine can be 

methylated to form epinephrine by phenylethanolamine-N-methyltransferasè (a1so 

called neorpi2ephrine-N-methyltransferase). After their synthesis, dopamine, 
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norepi nephri ne, and epi nehphri ne are stored 1 il, cytop 1 aSlli c granules w-1 t'hi n 
,\ 

nerve temfnals. In response to neuronal depo1arfzat1on. the se gr,anules are 

extruded 1 nto the synaptfc ·cleft. It fs assumed that specifie postsynaptfc 

bfndfng sites (receptors) a~e present on nypothalamfc peptiderg1c neurons. It 

15 postulated that there are two cl asses of adrenerg1c receptors on ~ 

hypothalamic neurons, one corresponding ta alpha-receptors, and the other to 

s-receptors. Dopam1 ne rf!ceptors are alsq. believed to exi st on certain, 

hypothalam1c neurons. It i s possfble that some hypothalamfc neurons lIIay have 

more than one ~pe of recéptor. After catech01am1 nes are re1eased, unbound 

neurotransmftter fn the synapt1c cleft can be talcen up into the presynaptfc 

nerve end1ng and reincorporated baclc into storage granules. Catecholamines 

are vulnerable to destruction by monoamine oxidase and cateeho1-0-methyl 

transferase. ( 

1 • Si tes of Ori 9i n of Catecho 1 ami nes in the Hypothalamus and 1 ts Afferent 

Connecti,ons 

a. Dopamine 

Hi gh concentrati ons of dopami ne are found in the hypotha1 ami c " , ' 

nuc1e1 (Pallcovfts et aL, 1974; Versteeg et aL, 1976). A large group of 

dopantfnergic cells is located in tbe arcuate and the periventr1cular nuc1ef (A 

12 cell group). (Oah1strom and Fuxe, 1964). A smaller eell.group (A 14) 15 

formed by a few cells fn the perhentricu1ar preo,Ptfc nuel,eus (Bjorklund et 

-aL, 1973; Bjork1und and~obfn, 1973). These two dopaminergic cell group~ 

probably 1nnervate tche other hypothalamic nue1_e1. The dopamine eonce~tratfons 
.' . 

-of the nuclei do not change after cClDp1ete l'\Ypothalamic deafferentat1on' 

(Weiner et a1., 1972; Brownstefn et aL, 1976; Pallcovits et a1., 1977a). 
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Oopmne-contalnlng cells are founif ln the SU~th.l_sf(A 13 ce11 

in the medial part of the' zona incerta. Their axons fOnD t'he 

incerto~pothalamfc dopaminergfc systeM (see section I,E,4~e). 

group) 

A large group of dopaminergic cells is found in the me,encephalon~ mostly 
, 1 ~ 1 

substantfa nigra and ventral tegmental ar.~a (A 9, A 10, an~ a portion of A 8) 
, ' 

(Daf11strom and Fuxe, ,l964). The fi bers arfs1ng frOII the nf19rostrf4tal 

dopamfnergfc pathway' inne~vate the telecephalic and diencephalic nuclef as 

well as cortical regions (Moore and Bloom, 1978). Lesions to this region: 

resu1 t f n a decrease of dopami ne 1 n the ventromedf a l nuc l eu,! and median 

em1~ence (Kizer et al., 1976b). 

Dopami ne-contai I).i n9 cell sin the rostral part of the central gray matter 

of the midbrain (A 11 cell group) are a1so bel1eved to innervate certains 

hypothalamic nuclei (Bjorklund et al., 1975) 

b. Norepinephrine 

The norepi nephri ne-contaf.nf ng cens are known to fOnD several 

groups with1n.the brainstem (Dahlstrom and Fuxe, 1964). The large~t 1s the 

locus ceruleus CA 6 cell ~roup). In the ascendfng pathways, the noradrenergic 

cells of the follow1ng areas make contributions: nucleus tractus solftarH CA 

2 ce11 group); lateral reticular nucleus (A l cell group); cells between the 

superfor olive and the intraèranial protion of the facial ner\le (A 5 cell 
~ 

• 1 

group); and regions in the pontine anrl midbrain reticular fo~tfQn (A 7 and A 
, 

8 cell groups). Axons arising fram these cell groups form two ascending 

bundles, called t-he dorsal ~nd ventral noradrenergic bundles (Moor,e and Bloom, 
1 

1979~ P al kovi ts and Zaborsz~, 1979). 
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( f Locus ceru1eus fibers contribute to both bundles, '4lthougtt 8in1y to the , 1 
dorsal one, whereas the axons of the other cell .,groups ru" 1II1'n1y within the 

ventral bundle. 80th bund1es course to the lateral hypot~alamus and enter the' 

medial forebrain bundle where they can no longer be traced as individual 

tracts. 

The norepinephrine-co~tainfng fibers innervating the medfal ~pothalamic 

nuclei reach them laterally. Rôstral or caudal surgical deafferentation of 
, '" 

~\ the medial basal hypothalamus does not result in changes in the norepinephrine 
1 

content of the nuclei fn the region. However, complete deafferentation 

d~creases hypothalamfc norepinephrine (Palkovits et al •• 1977a). 

Based on fluorescent microscopie observations. the periventricular. medial 

preoptic. anterior hypothalamfc, para~entricular, retrochia~atic, 

dorsomedial, ventrotuberal and tuberom~il1ary and suprapptic regions have 

~, the most dense noradrenergic innervations. The arcuate nucleus receives only 

a moderate innerv~tion (MÔore and Bloom. 1979). 

~utside_ the hyp~thalamus, the central ~gdala. hippoca.pus and septum 
, 

rece"ive an extensive input of noradrenergic fib,ers (Moore and Bloom, 1979). 

c. Epi nephri ne 
. 

Epinephrine 15 not distinguishable from other ca'techolamines using 

standard fluorescence histochemical techniques and a large. conflicting body 

of literature on its existence and localization has arisen. With th~ 
" 

development of sensitive and specifie tech",ique's of gas chromatography-mass 
/ 

spectrometry, radioenzymatic a~say, and immunohistochemical localization of 

norepi nephri ne .. N-methyltransferase. more accur,~te detenni nati ons of the 

regional di stributf..on of epinephrfne have been made.' . , 
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The hfghest'coneentrations of eptnephrfn& are found in the perfventricular 

nucleus, the arcuate nucleus and th! paraventrfcular nucleus (Moore and 8100., 

1979) • F ew or no epi nephr1 ne fi bers aré found f n the' medi an em1 nènee or the 
, (,~ , 

ventromed1al, preopt1c or anter10r ~pothalam1c areas. The percentage of 

ep1nephrfne as a functfon of norepinep~rine in different bra1n regions 

~-~--~~ (1lypothal.ic regions are grouped) varies frOll 1-14 percent (Palkovits and 
~ H,) 
~~ ~ 

Zabo~ 1979). The telecephalon conta1ns no ~asurable ep1nephrine with 
~~~ , , 

~ 

the exception of ~ncentrations in septal nue-lei, the basal alQ,Ygdala and 
""'~ 

~ostral med1aT forebra·1n ~~~ __ 

Hypothalamic deafferentation causes ~~~ 1n the activfty of ~-

norepinephrine-N-met~l transferase, indicating the extra~pothalamic orig1n 

of hypothalam1c eptnephrine (Brownste1n et al., 1976b). 50 far, 

norepinephrine-N-met~ltransferase-positfve cell bodies have been 1dentified 
\ 

on1y in the medu11a oblongata in the 1ateral reticular nucleus CA 1 ce11 

group) and in, the nue 1 eus tractus ~!' 1 i tari f area (A 2 ce 11 group). Thus. 

these groups can be consfdered to be the probable origin of the,~pothalamic 

epfnephrfne nerve termina1s (Hbkfelt et a~., 1978). However, sinee total 

hypothalamic deafferentation on1y reduces levels by 60 percent (Brownstefn, et . 
\ 

al., 1976). more epinephrine-containfng cell ~odies may be undiscovered. 

Immunof1uoresenc~ mfcr09raph~ .of co~secutive .sections of the anterior 

hypothalami~ per1ventr1cular area after l.ncubati,~n with antiserlD to 

norepinephrine-N-methyltransferase and somatostat1n show the presence of 

epfnephrfne nerve termfnals in cl.ose contact with somatostat1n cell bodies. 

suggesting they may fnnervate somatost~~in neurons (Hokfelt et al., 197a). 
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2. Potential Sites of Action 

7There are several potential loci at which growth hormone secret10n 

could be inf1uenced by catecholamines. One possibflity is direct axoaxonic 

synapses between catecholanHnergic and peptidergic nerve terminals. Secondly, 

direct axodendritic or axosomatic contacts between neural elements, or 
1 

mult1synaptic connections through monoanrinergic neurons distant to the 
l' 

peptiderg1c neuron, are a1so pOSSible. Third1y, catecholamine re1ease into 

the portal .circulation cou1d stimu1âte or inhibit directly growth hormone 

re1ease or alter pituitary sensitivity to ~potha1amic peptides. There is no 

convincing evidence to 1ndi~ate that catec'holamines Act at the pituitary .. 
somatotrope 1eve1, e1ther direct1y or in synergism with t\ypothalamic honnones 

(Martin et al., 1978b). Alternative1y, catecholamines in the periphera1 

circulation mi ght affect pi tuitary rel ease i ndirectly by affecti n9 peri phera1 

nerve pathways cOlllll.ln1cati ng with the central nervous system. Fi nally, .. 
neurons ~ contain both monoamines and peptides, with the former affectfng 

secretion of the 1ater. 

There is little direct evidence of the site of action of catecholamines in 
1 

growth hormone control. Electrical stimulation studies in the rat show that 

agents that interfere with catecho1aminergic neurotransmission do not b10ck 

growth hormone release inducèd by stimulation of the ventromedia1 nucleus 

(Martin, 1976). In contrast,' g'rowth hormone release induced by a~gdalar and ' 

hippocampal stimulation are prevented b.y pretreatment wi th alpha-methy1-para

tyrosine, ~n amino add analogue that. b10cks catecholamine biosynthesis by 

inhibiting tyrosine hydroxy1ase (Martin, 1976), These results are consistent 

with the interpretation that catecbo1amine's may function as neurotransmitters 
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in the rel ay of 1 nfof'llNlti on from hi.rer neura-l centers to hypotha 1 Ul1 c 

peptlderglc neurons. ~uch lnfoJon could IIOd,Ù.te the frequenci .~ 
éntrainment of growth hormon.,~retory ep1sodes. ' • 

1 .< 

There 1 s genera 1 agre. that the effects of ..,càtecho 1 ami nes 0.11 growth 
,; 

, t' 

homone rele.se are IDediated by hypothalam1c peptides. ~Pe, recent data 

suggests that neurotranSllitters lIay have a direct p~,tuitary act'on. 

Acetylcho)ine receptor sites on rat and sheep anter10r pituitarfes hlve ~een 

reported (Schaeffer and Hsuch, 1980; Tol11ver et al •• 1981). A1so, 

a1pha2-adrenergic receptors in cultures of bovJne anterior p1tuftary cel1s 

show close correlation with ACTH secretion (Beaulac 'Baillargeon et al., 

1980). Furthenmore, low doses of gamma-aminobutyric acid inhibit prolactin 

release fran isolated rat pituitaries (Schal1y et aL, 1977; Enjalbert et aL, 

1979; Grandis9n and Gufdotti, 1979). The physiological signif1cance of these 

findings requires further study. 

The majority of evidence implfcating catecholamines fn growth hormone 

regulation derives from experiments in which pharmaco10gical agents were 

administered systematically or 1ntracerebroventr1cular1y. These data are , 
revfewed in Sections IV, A, B. 

Because the effects of central neurotransmitters on growth hormone 

secretion are believed to be med1ated by ~pothalamic peptides, the effects of 

central neurotransm1tters on somatostatin release in vitro were a150 
t '---

1 n'vesti gated (see sectf on V). 
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G. FEEDBACK CONTROL ~F GROW)"H HORMoNE SECRET ION 

The acute ri ses' and ebbs in plasœa grôwth hormone levels are most likely 
-4 

the result of neural effects. Howsver, the degree of growth h0nl9ne responses . 
to neural stimuli ~ be deten.ined by circulating levels of growth hOnlOne' 

and/or somatomedf ns (s...ee sectf on II t 8, 2). Three ~pes of feedback control 

mechanf~s can be p05tu1ated: The fir5t 15 a long-]oop mechanism whereby hfgh 

levels of 5omatomedins, induced by elevated'plasma growth hormone, act at 
~ . 

pituitary and/or hYpothalaœ1c sites to reduce grOwth/hormone secretion 

directly or by inhibition of releasing factors (ar stimulation of ., 
somatostatin). The sec~md, ultrnhort-loop feedback, could occur when 

increased levels of ~pothalamic peptides inhibft their own secretion. The 

'. third type, short-loop feedback, results fram gr.Q(th honnone inh1bitfng the 

release of growth ho~ne releasing factor and/or stimu1at1ng somatostat1n 
( , 

release. It is known that growth·hormone 5t1mulates somatostatin release from 

fsolated hYpoth4'am1 ($heppa~d et al., 1978; Patel, 1979) and that 

. i ntracerebroventrtcu1 ar f nj,cti ons of growth. hormone i nhi bi t ep.isodic growth 
, . 

hormone release (Tannenbaum, 1981). 
,-
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H. RESEAj\CH PLAN 
"-The exper1mental strategy describéd herein was devised to test the 

.r 
Il)'pothesis that rnytllnic growth honnone secretion 15 regulated by the complex 

in~ractiôn 'of specifie 1nhibftory {somatostatin) and excftatory (growth 

~ hormone r~leasing fact~r) ~pothalamfc neuronal systems that are, in turn, 

regulated by central ami nergfc neurotransmitter systems. The overall objective 

of -the research plan was to deffne the role of somatostatin and the 

catecholamines, nor~pinephrfne and epfnephrine. fn regulation of epfs~dic 

.growth honnone secretion. The specifie afms of studf~s de~igned to accomplfsh 

thi s objective are outf i ned below. 

~. Selection of the animal mode l most suitable with respect to constancy 

fn the amplitude, frequency and entrainment of its growth honnone secretory 

<:. episodes. The chronically cannulated male albfno rat was selected for 

experiments herei.nafter because ft fulfflled these criteria and allowed 

sequential blood sampling without dfsturbing the animal. The female albino 

rat was a1so studi~ to assess the effects of the estrus cycle, pregnancy, 

parturitfon, and sucklfng on epfsodfc grQwth hormone. In thfs and subsequent 

studies, pro1actfn. thyrotropin, ahd/or~cortfcosterone were measured 

concomitantly wfth plasma growth hormone in an effort to show specificity of 

honnonal responses to various stimuli (section II,A). 

<-

2. Determine the effect of stress on the qynamics of episodfc growth 

honnone secretion. Previous studi es showed that varfo-us types of stressful_ . . 
stimuli suppressed plasma growth hormone levels, however, the effects of 

'\ 
stress on the rises and ebbs of growth hormone anxiously awaited elucfdation. 
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( . ) Sw1_~ n9 stress in a constant temperature bath was selected as a model becausé 

ft yielded reproducible r~sults and reduced the number ~f independant 

variables ta a minfmum (section Il,A). 

<-

3. Assess the effects of intracranfal self-stimulation on growth hormone 
, . 

dy"namf cs. These '8xperiments were based on the hypothests. ,that posi ti ve 
1 

reinforcfng effects of lateral hypothalamfc intracranial self-stimulation. 

could be medfated by spe~ffic neural patftways. and therefore result 11al a-
, 

growth hormone response distinct from stress. The results were compared.with 

the effects of forced stimulation in posftfve- and non-positive-reinforcing 
:> 

sites. The growth hormone respo.nse could not be élearly distinguished From 

the effects of str~ss. These findfng~ provided the substrate for further 
_ . A ~ 

studies to examine the role of central catecholamfnes and pepti,des fn growth 

hormone respanses to stress and electrical 's~imulation of the lateral 

hypotha lamf c-medi a 1 -forebrai n area (sec.ti on II. B) • 
1 

4. Determine the role of somatostatin in r~thmic growth hormone 

secretion. This ·.study'was based on_ the hypothesis that epfsodic rises in 

plasma growth hormone are due to the intermittent release of a 9rowth hormône 
,-

releasing factor, rather th an a postinhfbitory reboUnd effect resulting from 
1 

episod1c somatostatfn release. To accomp11sh this goal, circulating , 

somatostatfn was inactivated by passive immun1zation wfth antfsera to 

somatos~ati n (secti on 1 II ,~, 2). 

5. Elucfdate the role of somatostatfn fn s~ss- and 1ateral hypotha'lamic , 

stimulation-fnduced growth hormone suppression. As above, animals were 

passively 1111Dunfzed against somatostat1n and then .subjeèted to swillllling stress 

or electriçal stimulation of the lateral hypothalamus (sections IIl~A,l and 
~------

II,A,2). Lateral hypothalamic stimulation was del_ivered durfng both ebbs and 
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ri ses of growth hOl"lllOne to determf ne f f the effects _of such actf vati on \llere 

, depèndent on the t1m1 ng of delivery of the st1mulatiô!l. in relation to the 

spontaneous epi sodic growth honnone bur:sts (III ,A,2). 1. 

6. Deffne central somatostatinergfc pathways i nvolved in, the regulation - , , 
- . 

of growth hormone secreti,on. To accomplish this objective three separa te 

'expertments were p~rfomed. The ffrst' was to def.fne more precfsely the site 

, of orfgin of somatostatin in the- hypothalamus byablation."of 
• 

somlltostll'tf~positive'cell bodies in the anterior periventricular t)ypothalamfc 
1 ( 

and med1al~basal ~~dalar nuclei (section III,B,l). The second was to 

observe the effects of hypophysectomy on somatostatf~ in di scre-te hypotha l ami c 

nuclei, based 'on the hypothes1s that growth homone may' exert a feedback 

effect on somatostatfnergic systems (section III,B.2). The third was to 

i nvesti,gate the effects of swinmi ng stress ori somatostati n 1 eve 1 sin discrete 

hYpothalamic and extrahypothalamic nuclei (section lII,B,3). 

7. Investigate the role of the hy~~thalamic arcuate nucleus in the 

generatfon of spontaneoUs growth homo"e secretory episodes. To accompli sh 

this objective, attempts were made to selectively lesion perikarya in t~e 

arcuate nucleus with the neurotoxi n monosodhn glutamate. The ~cute and 

chronic effects of I1IOnosodium glutamate on growth, rhythmic growth hormone 

secretfon, and brafn somatostatfnclevels were investfgated (section III,e). 
~ 

8. Ascertain the r-ole of central noradrenergfc systems in the regulatfon 

of episodic growth hormone secretion. Previous studies showed that dopamine 

plays a relatfvely minQr ro'e in the'generatiofi of growth honnor)e pulses. The 

first objective" of the prese'ht .studfes was to produce a selectiv'e blockade of 

céntral norepi nephri ne biosynthesi s with the dopami ne-a-hydroxylase f nh1bftor, 

FLA-63, and observe the effects of thf s state on growth honnone secretio.n. The. 
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second asp~t was' to stimulate central alpha-adrenergi,c receptors' i,n an1J1a~~" 

pretreated w~th FLA:-63 in an att.pt ta restore pulsatl1e growth hOl"lllO,ne 

seer.etion (section IV,A). 

9. Seàrch for" i role of the eeni,..à:f'à<J..energic sy~tem in growth hOnlOne' 

~gul~t1on. Prev10us attellpts 1;0 stu«lY the role of epinephrinè in growth 

honnane regulation produce~ inconcluS1ve results primar11y because spec1f1'c ' 

, drugs were not ava11able. Wah the de~elopment of analogues that inhibit 

norep1nephrine-N-methyltransferase, ft became possible ta selectively block 

epinephrin~ biosy.nth~sis with,out affecting. brain levels of ~opamine or 

norepfnephrine. The effects of these analogues on spontaneous, morphine-; and 
. 

e10nfdfne-stimulated growth hormone release was invest1gated (settfon IV,B). 

10. Stu<t,y the release of somatostatin from hypothalamie fragments.!!!. 

vitro. Th~ fi r,st goal of 'these experiments was to determf ne if somatostati n 

Q. could be released by membrane depo14rization and whether 're1eas~ was, 

calcfum-dependent, properties attrib~te~ to c1assfc neurotransmftters. The 

sécond goal was to detenni ne ·tf\e site of action of central neurotransmitters 

that al'ter growth hormone release. 'To thfs end, hypothalamfc fragments were , . 

, , 

perffused with physiologie' ,c~>ncentrations of seve~al putative 

neurotransmitte,..s fn an effort to detennine thei,.. effects on somatostatfn 

release (section V). 

• 
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() II ... DYNAMICS OF 'GROWTK HORMONE SECREtION: RESPONSES TO EXERCISE STRESS AND 

INTRACRANIAL SELF -STIf4.ILATION' 

o 

.. ' 
• A. PHYSIOlOGIÇ SECRETION"OF GROWTH HORMONE ~ PROLACTIN tN MALE AND 

FEMALE RA T5* 
" 

ABSTRACT 
\ ~ '. 

1) . \ ,. 

Growtb hormone·and prolactin are secreted episod1cally in man and ~ 

experimental anilJNl.1s. To investi gate physiologie' mechanfsms of, GH and PRl 

secretion, a series of experiments were performed in ~ndividual ," 

unanaesthetized male and female rats. 

'.." 

GH secretion in the male rat is charaeterized by intermittent surges that 0 

oce ur approxima te 1 y eve~'y 3 h and are entra i ned to the li ght-dàrk cyc 1 e. ' 
, , 

-,~ 

Peaks reach 200-400 ng/ml and t'roughs ar"e unmeasurable. PRL i s secreted in 

more ,frequent episodes 'wi th ~ pa ttern di s ti net From GH. 
, ., 

In the female rat, Gtt surg~s occur more frequently--approximately once 
c 

eaeh hour. PRl levels are'lowJ~15 ng/ml) except_on the afternoon, of 
" r .. :r 1 

pro-oestrous w~_~n1they su:-ge to l~Vd'l,S ,Of 100-300 ng/ml •. prOla~~in rises 4-6 

,.;.~ before delivery.'1 Levels decline rapidly at tlle onset Qf parturitfon"and.-
1.." 
·surge with each episode of sucklfng in the post-partull per1od. Growth hormone. 

D ., 
and corticosterone rfse durin~ delivery and' remain elévated for S,verJl' h~urs 

after. delfvery. Reinsti~utfon of sucklfng after renioval of:pup's ~aû.ses an " 

.-.,. 

*Terry et'al., 1977d. 
.-

'- , - , 
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immediate rise in PRL and GH. The PRL response 1s sustained for 3~4 h, 

whereas the GH response·~s br1ef with return to baseline within l h. The time . 
courses of the two responses are clearly 1ndependent. 

Stress in the male rat causes a rapid rise in PRL and suppression in GH. 

The PRL surge.to stress is brief with return to baseline by 1 h. GH pulses 

are suppressed for up ta 5 h after stress. 
/' 

These studies indicate that separate neuroendocriné control mechanisms 

exist for regulatioil of the episodic release of GH and PRL in the rat • 

. ' 
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INTRODUCTION 

Anterior p1tuitary honmones are secreted intermittently. rather than 

conti nuously. Both growth honwone (GH) and pro1acti n (PRL) secretion are 

characterfzed by marked fluctuations in circulating 1evels in man and 

experimental anima1s. The undisturbed male rat secretes GH in episodic bursts 

with 'ntervals between surges of 3.0-3.5 h (Tannenbaum and Martin, 1976'. GH 

surges continue throughout the 24 h per10d and are entrained to the li~ht-dark 

cycle. Fluctuations of PRl a1so occur in the male rat but a full description 

~f such surges has not been reported. There is litt1e available evidence of 

secretory profiles of GH and PRL in the fema1e rat. 

Stress in the rat resu1ts 1n the inhibition of GH secretion and release of 

PRL (Scha1ch and Reic:;hlin. 1966; Takahashi et ..!l., 1971; Kokka et !l., 1972; 

Krul ich et !l., 1972; Collu et !l., 1973; Brown et.!l., 1973; Brown and 

Martin, 1974). The mechanism of GH suppression and PRL elevation during 

stress is unknown, although ft 1s hYpoth~sized to be mediated by the 

hypothalamus. There 1s evidence that circu1ating somatestatin (SRIF) may hav-e 

a role in stress-induced GH suppression in the rat (Arimura et al., 1976; 
, --

Terry et!l., 1976). In the present studies, longitudinal profiles of GH and 

PRl secretion were obta1ned in cannulated unanaesthetized male rats following 

exposure to stress. Simil ar methods were used te stuclY fema 1 e rats du ri ng the 

oestrous cycle, pregnancy, parturition and suckling to detenni ne secretery 

dynaJllics of the two homones. 
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METHODS 

Male and female Charles River Sprague-Oawley rats wefgh1ng 300-350 9 were· 

prepared with fndwellfng iQtraatrial cannulae using methods previously 

descr1bed (Martin.!!!!.., 1974; Tannenbaum and Martin, 1976). Animals were 

individually adapted to sampling boxes until body weight had returned to 

preoperative levels. The light-dark cycle was regu1ated with 1ights on from 

06:00 to 18:00 hourfs and animals were given free access to lab chow and tap 

water. Blood samples (0.4 ml) were rèmoved every 15 ,mi n for periods of 2-6 

h. In one experiment, samp1es were removed from male rats at 5 min intervals 

from 10:00 to 12:00 hours to detenni ne more accuratel,y the si ze and duration 

of surges of PRL occurr1ng between regular 15 min periods of sampling. Plasma 

was separated, frozen and stored at -20oe unti 1 assayed. Red b l ood ce 11 s 

were resuspended fn nonnal saline and returned to the anfmal at the time of 

removal of the next sample. 'Plasma GH and PRL were measured 'by 

radfoil1ll1unoassay using materiàls supplied by NIAMO(). and results are expressed 

in tems of the appropri a te reference preparati on. 

To _obtain ~ecretory profiles of GH an-d PRL fn the basal state, samples 

were removed from males and from cyc11ng females during varfous phases of the 

oestrous cycle.' To assess the effects of stress in the male, baselfnè b100d 

samples were obtafned from 09:30 to 10:00 haursj each animal was then removed 

from its isolation cage, placed in a large wat~r bath at 37°C and forced to 

swim for 30 mfn. The rat was then returned to fts isolation cage and sampled 

4S 



for 3.S-5~O' h. -To campa!"e _ttÎe amounts of.GH secreted dur1ng stres's with that 

of undisturbed animal s, the arelS encOllplssed by si n91 e GH secretory episodes 

were cal culated by pl anfmetry. ,1 n orde~ to standardize detênnf natf ons of GH 

secreted, perfods of 3.5 h were measured fram the end of stress. 

Pregnant rats were cannulated on d~s 10-14 of 'gestation and b100d samp1es 

taken during the 1ast week of pregnancy and during delivery of. pups. Each 

litter was reduced to ei ght pups OB the thi rd post-partulR day and the effects 

of suck l1"g were assessed by the return of pups to the mother after remova 1 

for a period of 3-6 h. A minimum of six rats was stud1ed in each group. 

GH and PRL in nonnal lRales 

, 
J RESULTS 

Non-stressed, f4l'"ee1y behaving male raits showed a nonnal pulsati1e pattern 

of GH release. Plasma GH levels frequent1y exceeded 400 ng/ml dur1ng major 

secretory episodes (Fig. 1). PRL was secreted epfsod1cally w1th one to'four 

bursts occurring during a 5 h samplfng session, peak values occasfonally 

reaching 70 ng/ml. Prolactin bursts wer,e usual1y brief «15 min) and 

approxilRately~ percent coincided temporally w1th a GH peak a1thoug~ there 

was no r~gular pattern. Profiles obtained during a 5 min samp1ing frequency 

fndicated that PRL fluctuates more rapidly than a 15. mfn"samp11ng frequency 

wol.t1d detect (Fig. 2). Occasfonally, an1l1a15 had no PRL secretory bursts 
.r. ' 

dllr1 ng a 5 h samp li ng peri od. 
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GH and PRL in stressed male rats , ' 

In each rat, stress caused release of PRL' and prevented pul sattJe release 

of GH for up to 5 h (Fig. 3); The mean integrated GH level express~d as ng/ml 

was l05.6+~12.5 (SE) for unstressed animals compared to 7.6+1.3 for the - ' 

stressed group (Table 1). 

Stress caused a rapid rise in PRL to levels within 15 min after the 

termination of the stress. Prolactin pulsatile secretion failed to recommence 

during the remainder of the sampling period. 

GH and PRL during ~he oestrous cycle 

The patterns of GH secretion were similar during all phases of the 

oestrous cycle. Episodic surges of GH occurred with a mean' inter-peak 

interval of 70.8+7.8 min~ 
~ 

There were no significant differences between the 

frequency of amplitude of the secret ory bursts in diestrous (Fig. 4a-c)~ 

pro-oestrous (Fig. 5) or oestrous (nct shown) rats. The mean amplitude of the 
; 

GH peaks was 73.8~6.3 ng/ml and maximal levels usually did not exceed 100 

ng/ml. In some animals, secretory bursts occurred at approximately 2 h 

intervals (Fig. 4c). Trough values between peaks declined to less than 10 

ng/ml in most rats. 
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Plasma pR!. )talues, showed IIfnor fluctuatfons durfng dfoestrus (Fig. 4) and 
." metoestrus wfth mean values between 10 and 20 ng/ml; occasional surges reached 

, 

levels of 30-35 ng/ml. There was a marked rise in PRL dur1ng the afternoon of 

pro-oestrus (Fig. 5a-d) whfch occurred as a series of fnd1vidual bursts of , 

secretion resulting 1n elevation of PRL_ to levels of 100-300 ng/ml, ..,. -

GH and PRL duri ng 'pregnancy and parturition 

Episodic s~cretfon 4f GH was evident during the fourtheenth to ejghteenth 

day of gestation with amplitudes and inter-peak intervals between pulses 

simi lar to those of non-pregnant rats (Fig. 6). There was a tendency for 

interpeak trough levels to remafn higher than in non-pregnant rats. GH 

secretion increased on d~s 18-21 of pregnancy with fncreased amplitude of 

individual pulses and elevated trough values (Fig. 7). Plasma PRL levels 

remained low during days 14-21 of gestation. with plasma levels less than 20 

ng/ml. However, PRL levels fncreased dramatfcal~y 4-6 h before delive~. 

reaching concentrations of 300-400 ng/ml (Fig. 8). PRL declfned rapidly at 

the onset of or during parturition. Plasma GH levels were low immediately 

before but rose ta unusually high concentrations. often greater than 400 ng/ml 

during delivery. The elevation in plasma GH persisted for several hours. 

E ff ects of suck 1 i ng on GH and PRL 

Removal of the pups from the lactating mother resulted fn low baseline 

levels of both GH and PRL with minimal fluctuations. Return of the, pups and 

onset of sûckling resulted in an immedfate surge fn both GH and PRL (Fig. 9). 

Plasma GH increased to levels of 75-200 ng/ml. The duratfon of the GH surge 

was brief and, despite continuous suckling, GH levels returned to baseline 

within 60-90 min. PRL rose with:suckling to concentrattons exceeding 300 

ng/ml; the rise was rapid and sustained. In some animal$ the surge fn PRl was 

associated with several distinct pulses. 
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Experimental group 

Non-stressed 

Stressed 

Table 1 

N 

6 ' 

6 

,--_._~--, --

Mean !lerum GH 
(ng/ml)· 

105.6 + 12. 5t 

7.6 + 1.3 

*Derl,ved by calculating ares under secretory curye by plsl\imetry. 

tMean + SEM; P < 0.005 compared to stressed rats using Students 
t-test for-unpaired samples. 

} 
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.... :-: DISCUSSION 

The present studfes show that female rats, like males, secrete GH ent1rely in 
~, . . , 

episodfc bursts; the fetnale, however, shows sign1ffcant differences 1n the 

p~ttern of secretion, the pulses Oecurri'ng lRore frequently a!,d reaching lower 

peak values. There ware no dffferences in the secretory pattern of GH durfng 

dffferent phases of the oestrous cycle, a1th~~gh samples w~re only. obta1ned 
, . 

dur1ng the daytfme. In late pregnancy. peak value~ of GH were 1ncrea'Sed and 

trough val ues were el evated. GH rose duri ng del1very and was conti nually 

elevated for several hou"s after' comp1etion of parturition. The signfficance 

of thf s sustaf ned surge of GH 15 unknown. El evation of GH duri ng partur1 ti on 
~ 

does not ocèur in the human (G. To1is. personal communication). 

Suck1ing causes a s1gniffcant and reproducible e1evation of plasma GH 

confirmf ng data of others (Chen et!l •• 1974). GH returned ta basal level s by 

1 h. . . 
, Stress in the ma1e rat causes complete suppression of pulsatfle GH 

secretion for up to 4 h (Terry et.!l.., 1976). Antisera to SRIF will partfàl1y 

restore pulsatile 'GH sec~etfon after stress (Terry et .!l., 1976). Cirèu1.atfng 

SRIF th'erefore probably plays a role in stress-induced GH suppr~sSion. 

PRL fs secreted epf.sodically, but .in a patter~'d~stinc~ from GH. In the 
(' 

male rat, PRl bursls' are brie.f, may reach plaSllla concentrations of 70 ng/ml, 

and do not follow a regu1ar tetllporal sequence. They frequently cOinéf·d~ with 

GH peaks and it ; s therefore unl ikely that PRL bt.!sts result from stress. 
, . . f • 

Plasma PRL 1evels show small fluctuations during the oestrous cycle with the 

exception of the rise during the afternoon ot pro-oestrus. This previously 
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documented 1 ncrease f s the resu 1 t of the. clJI.IUl atf va affect of à ~er.1 es of 

- J. 

~urg~s.i·n PRL. PRl secretion a150 i~r,ased pr1~r to parturition ~s 
,. 1 

. prev1fuS1Y repor~ed (Grosvenor and, Tur.ner~ 1960: ,,--,nor1 !! .!lo. 1970). and 

" declfned during' or 'f.ed1ately àfter de)1very concurrent wfth GH elevlt10n. 

, ThiS fs the reverse of what 15 observed during stress 1n the rat even though 

corticosterone i5 increased sfllultaneously (Saunders and Martin, -unpub11shed' 

observati 0 ns ) • 

Suckling'fnduc~d a r1se fn PRL as wall as GH but w1th d1fferent,times of 

oflset and duration indicating' separate neural regulatory mechaniSlls. The ritse 

. in both hormones is dependen\ on actual breast stimulation as neither ho?",>ne 

. 1s released if the pups are returhed to sampling box put suckl1ng 15 preve!'tted 

by a barrfer (Saunders and MarJ. n, unpubl1 shed observations). Olfactory and 

visual stimulation are therefors inadeq~ate to stimulate release of efther 

homone. 

" The dissociation of PRl and GH secretion under.4 variety of physiOlogie 

conditions provide5 a valuable model for further studies of the neural 

regulation of these ,two honnones. 
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II. B. HYPOTHALAMIC-PITUITARY RESPONSES TO INTRACRANIAl SELF-STIMULATION IN 

THE RAT* 

ABSTRACT 

The effects on pituitary and adrenal hormones of intracrani~l 

self-stimulation (15S) and involuntary stimulation in rewarding (PS) and 

, non-rewarding (NSS) sites were investigated in male rats. Growth hormone (GH) 

was suppressed during periods lOf ISS and P5 and rose Shar~ly to a peak within 

15 min of cessation. The interval between GH secret ory episodes was 

significantly shortened during al) 3 types of stimulation when compared to the 

normal rhythmic discharge obse~d in freely be~Ving baseline ~BL) s~pled 
rats. 155, PS and NSS resulted in a rapid rise in prolactin (prl), which 

returned to normal by the end of each hourly period of stimulation. There was 

a significant reduction of Prl elevation in the second and third periods of 

stimulation, suggesting that the first exposure ta ISS had a greater 

stimulatory effect than subsequent stimulations. There was a rapid and 

sustained release of corticosterone (CS) during ISS and PS. As with Pr1, the 

initial period of either lSS or PS caused a greater effect than subsequent 

periods. 

These studies provide data to compare the relationship between ISS and 

neuroeRdocrine responses. The hormonal responses, with minor exceptions, .ere 

sirnilar under all.experimental conditions, and could not be clearly 

dissociatea fram previously described stress responses. Neural pathways and 

*Terry and Mart i n, 1978à. 
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() substrates fnvolved in GH. Prl and C~ secretion are dfscussed in relation to 

o 

. . 

, . 

pathways activated by LH-ftFB stimulation. Potent1al dffferentfal funct10ns of 

IIIOnoami nes and wpothal anrf c neuropepti des 1 n behav1 ara 1 and neuroendocr1 ne 

regulation are hypothesfzed. 
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(] INTRODUCTION 

Oiscovery of the positive reinforcing effects of intraeranial 

self-stimulation (1SS) by Olds and Milner (1954) has led to numerous studies 
" 

aimed at elucidation of the neural ~echanisms involved (Hall et !l., 1977; 

01ds 1977; Wauquier and Ro11s, 1976). A1thaugh these studies have implicated 

selective neural pathways and putative neurotransmitters that enhance or 

reduce ISS, ther~ litt1e information available by which to accurately 

assess the internal activation process(es) ,that accompanies ISS. 

Characterization of neuroendocrine responses to stress provide baseline 

data by which the response to ISS can be compared (Terry, et ~., 1976b; 1977 

a,b). A variety of conditions described as stressful cause corticosterone 

(CS) and prolactin (Prl) release and growth hormone (GH) inhibition in the 
" l Q rat, effects that are medi ated by the hypothalamus (Allen, et l!.l.., 1973; Brown 

and Martin 1974; MacCleod, 1976; Martin, 1976; Martin, et!l., 1977). 

In the present experiments, we hypothesized that the positive reinforcing 

effects of latera1 hypotha1amic (LH) ISS could be mediated by specifie neural 

pathways, and therefore result in ~ neuroendoerine response distinct from 

~ress. To tes; this hypothesis, plasma GH, Pr1 and CS were determined in 

. chronieally cannulated rats before, during and after episodes of ISS. 'The 

results were eompared with the effect of -foreed stimulation of both ISS and 

non-se1f-stimulating (NSS) anima1s. The hormonal responses, with sorne minor 

exceptions, were sirnilar under all experirnenta1 conditions and eould nct be 

clearly dissoeiated fram the effects of stress. These results provide a 

basêline for further studies to examine the effeets of pharmacologie agents, 

and central1y active peptides in the mediation of both ISS and neuroendocrine 

responses. 
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(1) Catheterization and e1~ctrode implantation 

M~le Sprague-Dawley (Charles River) rats weighing 310-410 9 were 

housed at constant temperature (22+ 1°C) in individual cages with free 

access to l aboratory c.how and water duri ng a 11 experiments. The li ght-dark 

cycle was maintained at 12:12 h with lights on at 06:00. Al1 animals were 

~ observed for 1 week prior to surgery. Indwelling cannulae were placed in the 

right atrium via the right external jugular vein and sec~red to the s~ul1 with 

~~crews and acrylic cement. Monopo1ar nichrome electrodes (0.2 mn diameter) 

with tapered exposed tips were stereotaxically implanted in the right 
/ 

LH-medial forebrain bundle (MFB) using deGroot coordinates: anterior, 4.4; 

1ateral, 1.4; depth (.)2.2 mm (DeGroot, 1959). One skul1 screw served as an 

indifferent electrode. Animals were observed daily postoperatively and 

attempts to self-stimulate were not initiated until each had attained 

presurgical bOdy weight, usually 3-5 days. 

(2) P.rocedure for ISS 

A Model 7150 Nuclear Chicago constant current generator was used for a11 

stimulations and the pulses delivered were monitored on a,Tektronix 

oscilloscope. Stimulation parameters consisted of symmetrica1, biphasic 

.square waves delivered in 0.2 sec trains at 400 pulse pairs/sec. High 

frequency stimulation (400 Hz) was used because higher rates of bar pressing 

(BP) were elicited compared to lower frequencies (50-100 Hz) (Carter and 

Phillips, 1975). Each pulse pair was 0.5-1.0 msec in duration ~nd optimum 

currents for ISS ranged fram 50-180 pA. On1y animals that demonstrated steady 
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rates of BP at least 3 consecutive perfods of 60 min on dffferent days'were 

used. After prelimfnary testfng, eacp rat was placed fn an isolat1on box and 

electrical connectors and venous cannulae were fed t~rough a swf~eled coiled 

spr,1ng fastened to the top of the cage. Stfmulatfng wfres were attached to a 
.' 

mercury commutator to allow 3600 of rotation wfthout entanglement of wfres 

and catheter. This assembly allowed complete freedom of movement fnside the 

cage durfng stimulatfon and blood sampling. The ISS cage was made of open 

wire mesh w1th dfmensions 28.0\ 20.5 x 20.5 cm. The isolation box (BRS, LVE,.t 

Bel~vflle, Md, U.S.A.) contafn1ng the ISS cage was 40.5 x 50.~ x 40.5 cm. 

The bar press (4 x 8 cm) was placed at the end of the cage and fastened to a 

microsw1tch whfch activated the st1mulator. The numbers of BP and 

stimulations delivered were counted electronically. 

(3') Procedure for b l ood samp li ng 

Blood samples (O.4 ml) were removed every 15 min from 10.00 to 15:30 h in 

order to encompass two GH secreto~ episodes (Willoughby, et !l., 1977). The 

plasma was separated and froze~: red blood cells were resuspended fn 
4'-

P~sfol09ic saline and returned to the rat after removal of the next sample. 

Thil technique mfnfmfzed the fall fn hematocrit and allowed multfple samples . ' 

to be removed wfthout hemodynamfc.dfsturbance. 

, (4) Determination of GH, Prl c1nd CS 

Plasma GH and Prl were measured fn dupblicate samples by radio1mmunoassay 

usfng kits supplfed by the NIAMDD. Hormone dat~ are presented in terms of the 

respective reference preparations. Corticosterone was determined by a 

competitive p'rote~n bindfng assay (Brown and Martin, 1974; Murphy, 1967). 
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(S) Experimental design 

Seven ISS rats were sampled for 5.5 h on 4' or S separate occasions on 

different d~s. The first period of,sampling was a baseline (Bl) and the 

sAcond and third consisted of ISS each alternate'hour with reversal of the 

pattern of the following d~ to prevent confusion between a p~siologic~l and 

stimulus-induced honnonal response. During the fourth experimental d~, each 

rat was passively (involuntarily) stimulated (PS) every other hour at 

approximately the same rate as had been attained with 15S: during such 

stimulation the microswitch was disconnected 50 that BP was, ineffective in 

deliverihg a stimulus. To compare neuroendocrine responses to brain 

stimulation under non-reinforcing conditions. 6 rats were implanted w1th 

electrodes in the posterior hypothalamus (anter1or, 4.6; lateral 0.9; depth 

(-)2.2 mm). These rats (NSS) were first screened for ISS and subsequently 

stimulated each alternate hour at approx1mately 4000 stimulations/h using 

conditions ident1cal ëo those effective in eliciting ISS. None of the NSS 

rats demonstrated ISS. 

(6) Histological verification of electrode placement 

At the end of the exper1ment, rats were anaesthetized with pentobarb1tal 

(50 mg/kg b.w.) and perfused with la percent fonna1in through the left 

ventricle. The brains were removed and f1xed in 10'percent forma11n 

containing la percent sucrose for a minimum of 24 h. Brain' sections (40 ~m) 

were cut on a cryostat, stained with a cresyl violet/thionin solution and 
~ / 

examined microscopical1y for electrode path and tip location. 
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(7) Analysis of data 

Each 15 min blQod sample supplied a data point for GH, Prl and CS. Plasma 

values for each hormone at every 15 min segment were tabu1ated and mean + S.E. 

was p10~ted on th'e ordinate with fts respective time on the abscissa. ISS, PS 

and NSS rates were averaged,and mean! S.E. calculated for every category. 

The mean level of each hormone was determined for the f1rst, second and third 

hour1y per10ds of ISS, PS, NSS and correspond1ng baselfne per10ds. 

Statfstfcal comparison was done u5ing the two-ta11ed Student's test. A P 

value of ( 0.p5 was considered signfficant. 

RESUlTS 

Rates of ISS, PS and NSS 

The mean ra~f ISS was 4394 :. 277 BP/h w1th a range of 2111-6467. A 11 

anfmals were passively s,timulated at 3533 :. 165 stimu1ations/h. Hourly 

~egments of stimulatio~ beginnfng at.e1ther 10;00 or 11:00, 12:00 or 13:00, 

and 14:00 or 15:00 h were defined as the ffrst, second and thfrd per10ds, 

respectfvely. 

Baseline hormone secretion --GH. Prl and CS 

GH secretion in the male rat fs characterfzed by intermittent surges that· 

occur approxfmate1y every 3 h and are entrafned ta the 1ight-dark cycle 
- , 

(Tannenbaum and Martin, 1976; Willoughby, !!!!.., 1971). GH peak lave1s reach 

200-S00 ng/m1 and troughs are unmeasurable. Individual animals in the present 

experfments had a nonnal secretory profile of GH (F.fg. lO). Mean GH rose to 
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279.2! 52.7 and 287.5! 56.3 ng/m1 in the first (12:30 h) and second (15:15 

h) peaks, respective1y (Ffg: 11). The mean 'GH fnterpeak fnterval (Table 1) 

was sfmilar to 'that reported prevefous1y by Tannenbaull and' Martin (1976). 

Indiv1dual animals had ~rough 1eve1s of 6.2 ng/ml or less. Averaged-trough 

1evels were 49.9 ! 18.8 ng/m1, which reflected slight variation fn the tfmfng 

of GH peaks and troughs for each anfma1. There was no signfffcant dffference 

in mean GH between the ffrst, second and thfrd periods (Fig. 14). 

No specifie pulsati1e pattern of Prl re1ease was observed fn baselfne 

studfes, although randolll spora,dfc bursts occurred fn the afternoon (Fig. 10). 

Mean Pr1 for the ffrst period was 1ess (P<0.025) than the second and third 

"(Ffg; 14). The lowest mean 1evel was 2.2 ! 0.3 (l0:30h) and the hfghest 33.1 

.: 19.3 ng/m1 (15:30 tl), suggest1ng an afternoon Prl e1evat1on (Fig. 12). 

The trend toward a late afternoon CS e1evatfon was s1mllar to that 

observed with Pr1, confinming a diurnal var1ation (Figs. 10 and 13). The 

10west mean CS 1e~e1 was 2.0 ! 0.4 (10:14 h) and the highest 10.5 .: 2.7 ~g/100 
1 

ml (13:45 tl) (Fig. 13). Mean CS for the f1rst and second periods was 1ess (P< 

0.025) than the third (Fig. 14). 

(3) Eftects of se1f-stfm~lat10n 

Growth hormone was supp'ressed durfng periods of ISS and rose sharp1y to a 
'-

peak w1th1n '15 min after ééssation. a phenOIIIemon whieh oçcurred consistent1y 

after eaefl. ~our of ISS between 10:00 and -15:30 h (Fig. 10 and 11). Mean GH 

was less Utan controls durfng all 3 periods of st-fmulatioflt 1F1g. 14). The 

l'lIean interqeak GH interval wu decreased comparèd to baseline period's. whfc:h 

indicated a marked d1srupt1on of nonnal rhyttlllf.c "pu.l~atil'e secret'ion (Table 

II) • 
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Self-stimulation'resulted in a rapfd rise in plasma Prl, which had 
, 

returned to normal by the end of each hourly period of stimulation (Figs. 10 

and 12), The first and second hour of ISS resulted in elevation of Prl above 

control values, and the first was greate~ than the second (P < 0.005) (Fig. 

14) • 

There was a rapid and prolonged elevation of CS during all ISS per10ds 

(Figs. 10 and 13). A decrease (P < 0.01) in the CS response from the 

first/second and second/third periods was observed, but leve1s were 

consistently higher than contro1s (Fig. 14). 

Effects of passive stimulation of ISS animals 

Mean GH was suppressed during all PS per10ds (Figs 10 and 14). 
~ 

Suppression of GH was less (P < 0.05) than ISS only dur1ng the second hour of 

stimulation. The mean 1nterpeak interval was not different from ISS rats 

(Table II). 

Prolactin was elevated above base1ine during the first and second, but not; 

the third per10d of PS (Figs. 10 and 14). There was no difference between ISS 

and PS. 

Mean CS was e1evated above control values for all periods of PS and there 

was no d1fference between the -ffrst. second and third per10ds (Figs. 10 and 

14). Passive stimulation had a sim11ar effect on CS as ISS, and the only 

difference occurred during the third perfod, where mean CS was higher (P < 

0.05) during PS (Fig. 14). 

Effects of passive stimulat10n of MSS animals 

AJthough there ~s a trend toward GH suppression during PS in NSS rats, 
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the effects were not signifieant (Fig. 14). ,Ho~Yer. the llean GH 1nterpeak 

fnterval was reduced. as occurred fn both ISS and PS'groups (Table II). 
, , 

The ffrst and third periods·of NSS resulted in Prl elevatfon (Fig. 14). 

The pattern of Prl release was similar to that observed durfng PS and ISS. 

Corticosterone was not determined for this group. 

Rate of ISS and honmone levels 

There WlS no correlation between the rate of·BP and the elevation or 

r~duct1on in GH" Prl or CS. 

Histologieal verification of electrodes 

Electrode tips of ISS rats were located in the LH-MFB reg10n (Fig. 15). 

NSS an1mals had 'electrodes in the LH-MFB and posterior ~pothalamic regfon • 

.. 
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Table II 

Mean interpeak intervals + S.E. between successive GR pulses in BL, 1SS. PS and NSS groups 

Numbers in parentheses indicate numbers of animais ln each group. 

Base1ine control 

Self-stimulation 

Passive sti~ati~n 

Non-self-stim~ation 

h ±. S.E. 

3.2 ± 0.1 (7) 

1. 8 ± O. 3 (7) * 
2.0 ± 0.2 (7)* 

-1.6 .±. 0.2 (6)* 

*Less thàn base1ine control, P < 0.001. 
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Fig. 10. Plasma CH, Prl and CS of a representative individual rat during DL (a), ISS (b and c) 
and PS Cd) periods. In this and subsequent f1gures~ the cross-hatehed squares indicate hourly 
periods of stimulation and the enelosed number indicates the number of BF/h Dor ISS or 
stimulation/h for PS. ISS and PS result in GI suppression and Prl and CS elevation. 
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Fig. 11. Mean plasma Ga + S. E. during BL and lSS periods. 
In th~s and subsequent figures the numbers in parentheses 
indic.t;e thê nUlllber of animale in ea.c:h expérb.ant. 
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le88 or greater than BL respectively; e: (P < 0.025) less 
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Fig. 15. \, Schematic diagrams of co+onal àections of the rat brain show1ng 
locations of e1ectrode tips of self-stimtû.ating (SS) and non-aelf-stimulating 
(NSS) animale. Numbers to the side of sections indicate anterior-posteri9r 
plane of se~t1on from DeGroot atlas. Abbreviations'; CI, capsula interna; 
CL, nucleus subthalamicus; n, fornix; LM, le1lK11scus madial:f.s; MM, nucleus 
mamillar1s ~dia~1s; MP'B, meclial forebrain bundle; ML, ~ucleus mamillar1s 
lateralia; Mr~ tractus maudllo-thalamicus; OT, tractus opticus; PC, pedun
cularis cerebri; Pli, nucleus poaterior hypothal.ami; PMD, nucléus pre
mamillar1s dorsalis; PMV t nucleus premamiUaris ventr Al1a; RE, nucleus 
reuniens thalam!; lUi, ~ucleus rhomboideus thalami; TT, tTactus mamillo
tegmentalis; VM, nucleus ventralis thalamis, pa.rs med1alia; zr t zona inceTta; 
LHA, lateTal hypothalamic area. . 
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DISCUSSION 

--

The results of the se experiments ~ndicate that the neuroendoc~ine 

responses elicited by ISS, PS and stimulation of adjacent non-reinforcing 

sites (NSS) ~re similar. These observations are reviewed in the context of 
) 

-
; nformati'on avail able for each hormone examined. 

Hypothalamic-pituitary-adrenal axis 

The present studies show that ISS results in rapid activation of the 

': hypothalamtc-pituitary-adrenal axis. There was no significant difference in 

mean CS le~ls in ISS compared to PS rats. The elevation duri,ng successive 

periods of stimulation on the same day was significantly less than the 

preceding period, suggesting either th~t the initial period.~timu1atioA has 
, 

a greater effect or that the CS response varies diurna11y. It has been 

reported that the CS response to minor stresses such as handling varies in 

relation to peak and trough of the adrena1 diurnal cycle (Brown and Martin, 
'. 

1974; Zimmerman and Critch1ow, 1967). 

Severa1 previous studies have examined the hormonal concomitants of ISS 

with respect to the question of whether the behavioral response is an 

emotionally quiescent or excited state. Adrenal sterpids are elevated during 

ISS in most animal species (McHugh; et ·al., 1966; Natelson, et al., 1977; 

Sadowski,1972). The cat appears ,to ~é an exception (EndrocZi, et al., 1967). ~ 

A1though ISS activates neuroendocr,ine 'Pathways involve in the secretion 

of adrenal steroids, the question of whether.~ .. the 'response s either speci-fic 
'" \ 

to or reqùired for ISS remains unc1ear. McHugh et al. (1 6) showed that 
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lateral preoptic stimulation in the monkey, which was previously demonstrated 

to b~ reinforcing, resulted in endocrine changes like those which occurred 

after ISS, whereas electrical stimulation of non-reinforcing loci did not 

1ncrease plasma cortfcofds. In the experfments reported by Sadowskf et al. 

(1976), forced stimulation in rewarding sites 1ed to a lesser activation of 

corticosteroid synthesis than when the animals actively pressed on the lever. 

In the rat, ISS with e1ectrodes in the ,.,B caused si,mflar elevat10ns of -. 
adrenal sterofds whether PS was given when awake or anaesthetized (Uretsky et , 
al., 1966). In one stuQy ft was shown that hYpothal~ic ISS, forced 

stimulation and escape avoidance induced by midbrain tegmental stimulation . 
each resulted fn' similar elevations of, adrenal steroids (Olds and Yuwi1er, 

1972). Sinee the MFB and mammillary peduncle are rèported to Mediate adrenal 

responses ta photfc, acoustic and sci'atic nerve-stimulatfon (Felc:ban et al., 

1971, 1972a, 1972b), ft seems l1kely that the CS response is the result of 

direct stimula~ion of pathways invo1ved in ~potha1amiç control of ACTH 

secretion. 

h'A......." ;f"" ...... Growth .fI1C""T'ne ... 
J, 

Numerous studies in humans and animals have deIonstrated that p~siologtc 

GH secretion occurs in an episodic pattern (Martin, 1976, Martin et al., 1977; 

1978; Stewart ,et aL, 1977). In the rat, postpuberta1 1III1e5 exhfbit a 3.3 h 

rhythli~ dfscharge of GH (Tannen~aum and Martin, 1976) with leve1s r1s1n9 
o • 

withfn a 15 .1n periad fram less than 1 to greater then 400 ng/œ1. , 

., The f1na1 cCIIIIOn pathw~ for the regu1at1on of GH secretion lies w1th1n 
r ~ ~ ." 

-
the t\Ypothàraic ventrcnedial nucleus (VMN)-arcuate reg10n (Riee et al., 1976; 

16 

,. 



( Willoughby et a1., 1977). Bilateral ablation of the t\ypothalamic V,.. reduces 

~lasma GH leve1s and stimulation results in release (Frohman and Bernardis~ 

1968; Froman et aL, 1968; Martin, 1976). Dfsconnectfon of specifie inputs 
, 

oto the medfal basal hypothalamus in the rat has dffferential excitatory of 

i nhfbitory effects on GN secretion (Krey et al.. 1975; Mitchell et al.. 1973; 

Willoughby et al., 1977). Stimulation of the medial preoptic area resu1ts in 

inhibition of GH secretion (Martin et aL, .1976; Martin et al •• 1978a) 

Stress alters GH secretion in man and anfmals, but the response i s 

spec les-depende nt. ln man and P§s. GH fs secreted ln response to a 

varie~ of stressfu1 stimuli CRete n, 1974}, whereas, in rodents. GH 

secretion 1s inhibited (Martin et aL, 1978a; Terry et aL, 1976, 1977). 

Ablation of the medial preoptic area prevents the stress-induced suppression 

of GH in the rat (Martin et al., 1975; Rice and Critch10w'; 1976; Rice et aL, 

1975) • 

In the present stuQy~ ISS from the LH-MFB reg10n çaused inhibition of 
) 

pulsatlle GH secretion. PS had the same effect, but NSS did note These 

resu1ts suggest that stimulation of rewarding sites causes a sign1ficantly 

greater a1teration of neural mechan1sms controlling GH release than does 

stilllllatfon through non-rewardf ng sites. The tilling of GH secretory bursts 
--- --.... _---

( 

(mean peak-ta-peak interval) was signiffcantly short$ned .1n al1 stimulated 

anfmals compar~ ta the normal 3.1 h r~thmic discharge in base11ne sampled 

rats. These ffndings are consistent wfth ptevfously reported findings on 

effects of stress on GH secretion in the rat (Terry et al., 19?6b. 1977d)J 

although we have not applied intermittent stress for sf.flar perfods of tfme. 

\ 
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St111K1lation in the LH-WB reg10n could influence ascendfng and/or 

descendi ng fi bers from l1mbi c structures k:nown ta have an effect on GH , 

secretion. It 15 unlikely that the elevations in plasma CS directly inhibft 

GH secretion sinee aœinistration of dexamethasone has no·effêct or'! pulsatile 

GH re lease CT erry and Marti n. unpub l1she<l observati ons) • 

Prol act1 n 

Basal Prl seèretion 15 characterized by a series of bursts of release 

(Sass1 n et al .. 1972; Saunders et aL t 1976; Terry et al.. ~ 976b). A lthough 

the neural substrate med1ating pulsatfle basal Prl secretion 1s not well . \' 

estab l1shed, the homone has been shown ta be secreted j n~ response ta stre~s 

in both man and an11Îtals (Bohnet and Friesen, 197~; Terry et aL, 1976b). 

Hypothalamic deafferentat10n attenuates the Prl response to stress in rats 
\ 

(Krulfch et al.. 197'5). 

B100d pOrl was reported to rise sfgnif1cantly during 10w-1evel LH ... tt=B ISS 

in rats. but' falled to ~1se further when the current and operant rate were 

increased (Wanquier and Rolls, 1976). The present results indicate that ISS 

causes a rap1d and signfficant elevatio~ of PRL. wh1ch returns to base11ne 

level s at the end of each per10d of st11DU1sat10rt. The sign1f1cant reductfon in 

Prl levels between the ffrst and second perfods of stf.ulation suggests that 

the f.f rst exposure ta ISS 1 n the d.a,y 'has a greater st111Ul atory effect than 

subsequent stilllulations, a finding that could illply either exhaustion of 

pftuitary Prl stores, adaptation of a behav10ral respons~ depletion of CN~ 

neurotran.1tters or peptides that llediate Prl relelse. The Prl response to 

PSt although less, was not sfgnff1cantly different from ISS. Forced 
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st'1mu1 at10n of MSS an1mals also resulted f n Prl release, but the response was 

significantly less than oçcurred during stimulation of reward1ng sites. Thus. 

as observed wfth CS and GH, th~ Prl response to tss is similar to that which 

occurs fn other stressfrconditions. 

Catecholaminergic fnvolvement in ISS and neuroendocr1ne regulation 

The~e 1s substantial evidence that·catecholaminesare important in bath 

regulation of hypoth,alam1c-pituitary function and in th~ mediation of ISS. 

'Severa 1 reports have documented a ro 1 ~ of norepi nephri n~ (NE) and dopalIIi ne 

(DA) in the physiologie regulation of 'GH<\ Prl and CS secretion (Fuxe et al.. 
" 

1973; Jones et al., 1975. M~Cleod. 1976; Martfn, 1916. Mlartin et al., 1978a; 
1 

Van Loon. 1973) ~ Major catecho1atni nergic pathways are al so hypothes1zed to be 

invo1ved io ISS; these inc1ude the mesolimbic and nigros~riatal DA and the 

a'scendi ng dorsal NE. systems (Antelman and, Caggiula. 1977; Hall et al.. 1977; 

01ds, 1977; Wanquier and Rons, 1978). There 15 a cOnsiderable degree of 

overlap between ~rminat1ons of th, catecholaminergic systems that support ISS 

and those involved in the regu1ation of hormone secretion (Hokfelt et al •• 

1978). It is likely that the neuroendocrine responses which occur during ISS 

are a1so dependent upon central catecholaminergic systems. 

Potential role of ~pothalamic neuropeptides 

Measurement of anterior pitu1tary hOnlOnes in the peripheral blood 

indicates that intense activation of the ~pothalamfc·pitu1tary axis occurs 

duri ng ISS. This does not il1ply that pitui tary hOl"lllOnes are requf red for ISS. 

but rafses the possibflity that hypothala.1c releasing or inhibftfng factors 
JJ 
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( are involved in mediation of the response. Infusion of somatostatin (SRIF) 

into nonnal rats resu1ts in an abrupt fa11 in plasma GH, which is fol1owed by 

rebound GH' secretion after cessation of the'infusion (Martin, 1976). This 

rapid suppression and reboun~ pattern is similar to that observed during 155, 

and suggests that SRIF r~lease is induced by electrical stjmu1ation of the 

MFB. We have shown that passive immunization of rats with antisera to SRIF 

prevents the suppression of GH caused by stress (Terry et al. te 1976b, 1977d) 
o 1 

or LH-MFB stimulation (Terry and Martin, 1981b). These findings support the 

~pothesis that SRIF is re1eased and responsible for GH suppression in both 

expe.rimental situations. The rapid surge in Prl during ISS is presumab1y the 

result of re1ellse of prolactin re1easi-ng factor (PRF) (Terry and Martin, 

1978a; Yale et al., 1977). Prelimfnary studies (not shown),show that ISS is 

not accompanied by re1ease of thyroid stimulating honnene (TSH), supporting 

(~ the concept of a physiologie PRF separate fram TSH re1easi ng factor (TRF). 

Similar1y, CS responses are presumably the resu1t of release of corticotropin 

re1easi ng factor (eRF). 

A nu~~r of studies have shown that systemic, cerebroventricular or local 

injection of TRF or SRIF .... 1nduces a variety of mator, behavioral. and 

e1ectrophysio10gical changes (Brown and Yale, 1975; DeWfed and Gispen, 1977; 
q ". 

Renaud et al., 1975; Yale et al., 1977). The possible interaction of CNS 

neurotransmitters and hYpotha1~ic peptides in the mediation of ISS 

concomitant with ac~iYatfon of the nYpotha1amfc-p1tu1tary axis merits further 

consideration (Terry and Marti n, 1978b). 
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Conclusion' 

It fs evident t~at stimulatfon of the LH-MFB dur1ng ISS results 1n 

perturbation of SH, Prl and CS sec~tion, As PS in rewardi~g sites e11cits 

similar neuroendocr~ne effects. ft is possible that the responses observed are 

not the consequence of positive reinforcement. but rather result from either 

(1) direct stimulation of neural pathw~s that regu1ate the secretion of 

hypothalanrlc release and/or re1ease-fnhibftfng factors or C2} aversive 

effects, as has been suggested by Steiner et al. (1969). The responses to 

ISS, PS and <MSS are qualitative1y and quantitatively s1mllar to thos.e known to 
'" occur with a var1ety of noxious stimuli. i.e. 'stress', 'Our experiments do 

not resolve the central issue of what ISS represents but do fndicate that. 

From a neuroendocrine standpofnt, the effects of centrally refnforced 

behavforal activation cannot-be reaaily separated from stress. 
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C. CONCLUSIONS 

Results of these stud1es confirm earlier obs~rvations that male albino 

rats secrete growth hormone in a r~thmic manner w1th rises occurring , 

approximately every 3.3 hours and reachfng levels greater than 800 ng/m1. 

This rhYthmic pattern was similar in al1 rats. Animals maintained on the same 

light-dark cycle did not have growth hormone rises at exactly the same time, 

but there was usually not more than a one hour difference in timing between 

animals, or in the same animal sampled on different days. These dat~, suggest 

that the rhythm was light-dark entrained, although longer sampling periods 

with alteration of the light.dark cycle would b~ required to substantiate this 

conclusion. 

Female albino rats'also secreted growth hormone r~thmfcally, however, the 

rises occurred more frequently than males and were of lower amplitude. The 

pattern of growth hormone pulses was more eratic' than males and there was no 

clear indication of entrainment to the estrus nor the light-dark cycle. 

Pregnancy, parturition and suckling sfgnificantly altered the frequency and 
1/i 

amplitude of growth hormone rises and ebbs. Thus, the female rat was rejected 

as a suitable model for further experiments bec~us, it did not fulfill the 

criteria of constancy in the amplitude, frequency and entrainment of its 

growth hormone secretory rhythm. 

Swimming stress suppressed pulsatile growth hormone secretion for up to 5 

. hours. Self-stimulation and passive-stimulation through electrodes in the 

lateral ~pothalamic-medial foretirain area also inhibited growth hormone 

release, but levels rose quickly after cessation of stimulation. The growth 

honaone resp-onses ta .latera' hypothalamic activation could not be clearly 

d1stingu1shed tram the response tri stress. 
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Growth hormone suppression resulting frOli stress or lateral ~poîhalamic 
--=-== 

stimulation cou1d be due to releas& of sa.atostatfn, inhfb1~fon of a growth .. 
honnone releasing factor, dfsrupti0 Of catechol_fnerg1c neurotràn~1ssion, 

~ 

or ~~:eratfons in other. peptidergi1 and/or 1111ner91c systellls. The ~urpose of 

the next series of experilents ($ tion III,A,l,2) was to determine (1) the 

ro1e of somatostatin in spontaneous rhytt.1c growth hOr"llOne secretion i.e. are 

the rfses and ebbs due to intermittent release of soœatostatin followed by 

postinh1bftory rebound or epfsodic release of a growth honnone releas1 ng 
, . 

" factor, and (2) whèth~r suppression of ~b1s rhythm induced Dy swiftllling stress 
, 1 

and lateral ~pothalamfc stf.ulatfon 1s mediated by somatostatfn. To th1s 

end, ~le rats were passfvely 1m1Ûnfzed w1t~ ant~serum to somatostat1n and 
, 

their growth honnone responses to the aforementfoned stimuli were observed. 
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III. ROLE OF SOMATOSTATIN IN REGULATION OF GROWT~ HORMONE SECRETION 

A. EFFECTS OF PASSIVE IMMUNlZATION AGAINST SOMATOSTATIN ON GROWTH 

HORMONE SECRETION . 

1." ANTISERUM TO SOMATOST?\TIN PREVENTS STRESS-'n'muct'D INHIBITION OF 

GROWTH HORMONE SECRETION IN THE RAT*. 

ABSTRACT 

Plasma growth hormone 1evels fall and remain low for severa1 hours after 

stress in the rat~ When antisera to somatostatin are administered ~O rats 

1 prior .to stress, growth hormon!=! secretory pulses are partia1,ly restored. The 
, 

resu1t~ provide evidence that circulating somatostatin p1ays a p'rominent role 
\ 

n 

in stress-fnduced i~hibitiàn of growth hormone secretion in the rat. , 
" 

INTRODUCTION, 
<> ' 

", 

" 1 

.< 

1 
'4 

, ,.... 
Growth hormone (GH) secretion in the rat i$ characterized by pulsat11e or .' 

episodic re1ease (Martin et al., 1974;. ,Martin, 1976).~ ~In free1y-behaving, , 

non-stress~d male rats surges of GH,secretion ocçur at intervals of 3.2 ta 3.4"- . 

hours, reaching plasma concentrations of' 300 to 4~0 ng/ml (Tanoenbaum and 

Martin, 1976; Martin et al., 1975). Between Qorsts, 1evels of GH are -.- , 
undetectab1e ( 10 ng/m1). The surges in GH ar~ entrained to the light-dark 

cycle with major secretory episodes occurring at 1030 to 1230- hours and at ~ 

1330 to l~OO hours when lights ~urn on a:t·0600 hours r(Tannenbaum and MartinJ<'\ 
. . 

19~6; -Mart'in et a1., 1975; 'Wil oughby anâMa~,tin, 1977)~ Pu1satile GH 
1 
1 

1 

i 
, *T er y et al. t 1976b. 

J ' 84-

...' 
- ~----- -., - f ~- - -~ ... T t -. -. .... - .. 



" 

1 
1 

1 

1 
~ 

-0 

.. 

o 

~ 1 \ 

l' ." ' ' 

-1 

'. 

",. 

,surgès are blocked.by ath1nfstratfon of sOCIatostatin (GH-release inhibft1ng 
1 l ' 

honnone}, ~ tetr~decapePt1de fs~l'ted' fr. the, hypotha~~s CBr!ZeaU et al., 

1973), and, by, bilatera.1 lesions pl,aced in the tn'pothal,\~ ventrcaedhl nuclef 

(Martin èt al., 1974; Martin, 1976) • 

Stress in the rat results fn acute inhibition of GH secretio.n (Schalch and 
• ~ ., tf) 

Refchlf 11. 1966; 'Ta~ahashf et al., 1911; Kokka et al., 1972; Krulfch et al. t 

1972; Col lu et al., 1973; Brown et al., 1974). We now report that stress 

suppresses pulseti,le GH release for et least 5,hours a,nd that antfsertll to 
, ' 

" somatostati.n aenf nistered pr10r to stress pertfally restores the tiH secretory \ 1 _ 

pattern. 

, ~ .. 
/ ~ 

HErOS AND RESUL TS 

Male S-pragu~-Oawley rats (300 to 350 g) were prepared with pernaanent 

.1 ndWell1 ng fntra-'atrfal catheters and adapted to 'small 1$01 at10n boxes to 

,pennit' repeated blood samplfng w1th~ut disturbance to the anfmal (Martin et 

al., .1974; M~rtin, 1976). Th.is experfmental procedure is important sinee even 

mfnor stress, s:'Uch as, handHng • .inhfbfts GH secret1'on (Brown and Ma~t1n, 1914; 

Marti n et' al., 1974; Marti n, 1916). Cage ad~ptat1on w~s carrfed out by 
1 

housfng the anfma1s in the isolation çhambers for a period ~f 48 t,? 12 hours 

prior ta samptfng •. , Al1r anfma1s had reached thefr presurg1cal, body wefght 

before stu~. Each rat was gfven free access to water and Purfna rat chow; . 
the light-dark (LD) 'cYCle was 12:12. wfth 11ghts on frOll 0600. ta 1800 ho~rs. 

~ 

Blood samples (0.4 ml) were taken every 15 minutes frOID 0930 ta 1500 hours to • 
encompass two GH secretory epi sodes. The lPlaSllla wu separated and frazen; red 

" '?~ 1 
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blood 'cell s ~ resusp~nded 'fn phy$1~10g1ç $a~iire' and returned to the animal 
... ,,; 

~ after the remoyal of the next samp1.e •. This techniquè prevented a fa11 in 
• l ' ' '',' ,~ ~. " 't '-, l' 1 

~~tocrf t and, a 11 owed mul ~i pl e samp l e~ _..ta be taken wf ~hoUt hf!ll.lO~n~i~. 
.. ' .... 1" " 

dfsturbanèe •. 'Plasma' GH 'was measured i", dup1f cate sample; by radiollJllllUnoassaY 
• ~t .. • ~ ,., -

t .,' ."t ~ • l "., • 

usfng mâterials suppl1ed by the National Ins;ftu'Çe of Ar:thi'itfs. MetaboliSil. 
, . 

Dfabetes, and'and ,Dfgestfve'D1s~ase~~ 
, r 

To develop a, model to stu.<lY the effects of s~ress on,'GK secretion, twa

different stressful conditions were used.' In' the ffrst. thé effect' of an 

f ntraper1 tone'l i n~~c~Ù~J) 'Wu' e'va 1 u~'t~d. S1r-nÔ~~'1 '.ra'~s:· we~~ 's~p f ~d ~o;., 5:' 

hours (fogo to 1500 hours)' on two 'Sèparate' occas~ ons: .Thr·~e, o~ ,the 'ani~a l s' 

we~e ffrst sa!llPled ~i~hout hartd1ing md three'''w~~~ 1nj~cted,w1th 0.5 1Ii~ of . , . 
physiologital sa1in~ intraperitoneaÙY at ÔQ30 hours. The sequence w~s· 

" , , 

reversed 2 to 4 days latér. The are.a encompassed by' a ,single GH secr'eto~y, 

episode was calculated by planimetry. In order ,to sta'ndardizè the 
, , 

detenni na ti ont a peri od of 3.5 hours was. taken fram the ons,et of each' . 
secretory episode. Both saline-injected (Fig • .16A) and control groups had, a 
-'"' . " ' 

nonnal pul satile pattern of GH release. 1fowever. anfma-ls that wer~ i njected, 

had a si-gnfficantly lower. mean i~te9rate9 GH leyel CP ,< .OS} com~ar~d to 'the, . :, 

noninjected group (62.9 + 7.2 compared to 105.6 + 1~.5 ng/m11>er 3.5 - ' , 
* '. 

ho~rs) (Table III). These results demonstra~e ,that,a ~fnor stress ..ian-

al ter the subsequent -secretion o'f GH wi thout ~_pletely' aboli shfng the. 

pulsatile ~ pattern. 

1 n a second experfment. the effect', of êI. ~niore severe stress on GH' seÎ::ret10n 

wa$ assessed. After the basel1ne blood saJ:llples were obt~ined~;"each an~lba.l was' . 
l " '.. , 

remoyed from its' isolation cage at 1000 hours.' placed '1n a large ,water bath at ' 
l , 

, ~ 

;; ~ 1 0 ~ 

, *Data- represented:,are means. + SEM, s~atfs:tica.1 evalu.;at1.on 'was- perfomed 
with studentls t-test for pafredand ur:tP4ired $.les.~,' '_~ 

'. 
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37°C. and fQrced to sw;m for, 30 mi nutes.. "Each rat was th en returned, to the' 
1 

isolation cage and samp1ed fot 3.5 to 5.0 hours. Six cbntrol rats showed «, , 
. -J' . o.' , .. 

.complete suppression of, pulsatile GH secretion for up to 5.0 houts after 
, .... ft 

, -, ~ . . 
. stress, cClnf·irt1Jing pi"evious reports (Scha1ch and ReichHn, 1969~· Takahesl11 et 

- , /;:~ 

al.,·'l971;'Kokka et aL, 1972;.Krulich et aL, 1972; C_Qllu,~t·{al., 1973; Brown 
, ~ "1 -

- '. h .-
et 'al.,. 1974:; .Brown and Martin, 1974) t,hat acute s"rréss' causes inhibition of 

, GH in -the rat an~ demonstrating that this suppression ;5 d~ to abolition of ' 
v 

pul sat i le Gij' re.lease. 

. If the GH suppression to stress is mèdiated by somatostatin, we 
hypothesizèd tha't it~ effects. might be blocked or 

of a large dose of antiserum to somatostatin. Two 

somatos·tatin were used. One ant; serum {AS 1) was 

diminished by administration -
different a!tisera.to 

generated f~ normal rabbits 

bi' iniiecting somatostatin con'jugated to thyrog'tobulin, and the second (AS 2) 

by injecting sornatostatin conjugated to bovine serum albumine At a di lution 

of 1:2006 both antisera bound more than 50 percent of 125I_labeled 

~tyrosine-l somatostatin and at a dilution of 1:300 they bound more than 95 
. . 

percent. The antisera were sp~cific for somatostatin and showed no 

cro"'Ss-re~ctivity to th;l!'0trophin releasing hormonè, luteinizing hormone 

,releasi ng hormone,. and' various other small peptides. Three rats were given 

1.P ml eacti ~f AS 1 and three were given 1.0 ml of AS 2 i~travenously through 

the cannulae at 0830 hours. Control rats rece;ved normal rabbit serum. Each 
, 

animal was placed in the swimming tank from 1000 to 1030 hours and blood 

samples were taken every 15 minutes from 0930 to 1500 'hours. 
01, 
Plasrria GH levels were low « 10 ng/ml) in a11 animals" prior to stress. 

E~ch of the six an1mals given ant1sera showed a partial restorati6n of 

·p'ulsatile GH secretion to above baseline leve1s within 15 minutes to 2.5 hours 
, ' 
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after. stress (Fig. l6e). ,In contrast,' the ser .. control group shQwed éQllpl4!te 
, ., ~ (1 

suppressfon of G~ throughout the s.plirig period (Fi,g. 168). Over the 

3.5-hOu~ perfod, the ";'an fntegrated GH levels of ~nf"'ls g1ven the, a~tf serpas . . 
were 51 gnlffcant1y greater (P < .01) than that of the control serUi group 

(25.5 !. 5.5 as cOIIIPared to 7.6 !. 1.3 ng/l.,) . . The .an 1ntegrated GH, levels of 
, , . 

) , 

the grOup treated wfth Intfser.s to sOIIItostatin were sfgnif1cantly lower (p., 
, " 

< ;'005) than, those of the sa 11 ne-f njected group (Table 1 il) . 
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Table III. Int,grat~d plasma GR levels in nonstressed" saline-injected animals and in stressed 
rats injected with antiserum to Bomatostatin. 

Experimental group 

,Nonstressed 

Saline-1njected 

.-.I;i 

'-

Stressed + normal rabbit serum 

Stressed + ant1serum to somatostatin 
, , 

N 

6 

6 

6 

6 -." ,.'-

SerUlll~GH 

(ng!m1 per 3.5 hours)* 
--- ._----

". 
105.6 :t>I2.5t 

6~7.2* 
17;6 ± 1.3 

25,5 ± 5.5§· 

., 
.' 

o 

'. 

~ 

*Derived by calcu1ating ares under secretory curve. by plai n metry. tMean +·S.E.H. lP < .05 com-
pared ta nonstressed,rats: IPv< .01 compared to controls treated ~th normal rabbit sérum; 

1 
) 

t,,· 

~ 

r-
~ P < .005 compared to saline-injected rats~ . 
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Fig. 16. Growth hormone secretion in indiv1dual unanesthetized 
rats. (A) Plasma GR levels show typicai. pulsatile pattem in 
saline-1njected rat. (B) Stress causes c01\IPlete suppression of 
pulsat11e CH aecrétion in animals first treated with normal rabbit 
serum. Growth hormone levels remain low « 10 ng/ml) for 4.5 hours 
after stress. CC) Partial restoration of QI pulses in rats treated 
with antiserum to somatostat!n. Two'distinct GR surgès are evident: 
15 minutes and 225 minutes alter stress. vt1ues of plasma GR are 
eJq)ressed in terme of the rat GR referenc~Lpreparation No. 1 
suppl1ed by ,Na~1onal Institute of Arthritfs, lIfetabol1sm, and 

Digestive Di.seasea. ~ ,/', • " 
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Somatostatin 15 present hot only in the hypothalam~st but also in 

extrahypothal amie brain \regions and in _pancreas, sto~ach, and ,intestine' 

(Brownst~in et al., 1975; Patel et al., 1975). Administration of 

, 

'\ .' 
pllarmaco1,ogic doses of $omatostatln inhibits GH in animà1s (Brazeaù et', a1., . 

" , 

1974; Lov1nger'et àl., 1914; Martin, 1974;. ~ueh et à1., 1974),and man '(Si1~r 

et'al;, 1973; Besser et al., 1974; ,Yen et aL, '1974) and a1so' suppressès; ,', 
., '1 • ~ 

.,' 
, , 

" 
'1 
, 
r 

1 

l, 

! ' ," r, 

Il' .'. . r 
, l 

,1 

l" 
j' 

.l-
glucagori, insulin, secretin, and gastrin secretion (Gerich et a1." 1914; ,llloom 

'. 6 

I 

et al., 1974; Unger, l~). To qualify as a hormone, 'the peptide must be 

demonstr~ted to have physiologie effeets ~nd to circulate,in .the blood 1 Our 

~ind1ng's that two d1ffer~nt anti~era partially restore t'he pu1sati1e pattern 

" of GH s~cretion after.'str,ess pravide eompelling evidencè' that somatostatin 
J. 6. • ' o plays a prominent role/in stress;-induced inhibition of GH în th~ f'at and ' 

.. , 
" . 

o 

... ' . 
suggest that this effe.et is ~':I,e to eirculating somatostat;n*. The fact that 

plasma GH rises bef~re stress wer~ not' increased byothe anti~erum indicates 
• ~ • p v • 

that the episodiè.pattern of GH secretion is not dtle sole1y to somatostatin. 
,'.. , [ . 
" '. '~. a 

We believe this suggests that normal pulsatile surges of,"GH are due to " . ~ ) ~ . ' , 

hypothaiamic release of GH réleasing factor. 

. 
c 

,~ \ ~ 1 t'l 

, ,,' ~ , ~ ;J~~/~:'~ 
r 'r ' • . ' 

,.\ 
~ i. ' " 

*Jwo. short communications that also indicate an effect.of antiserums to 
somatost'à·tin on GH-,:secretion appeared after. submission of this report. 
Ferland 'iî 'al\:" (1916) reported that plasma GH levels in the rat "rose two to 
threefo l-d after injection of anti,serum to somatostatin 1 wi thout any effect on 
the ,pulsatHe pattern. Arimura et' al. (1976) found signifieantly higher 
levèls of p'lasma '~H .30' minutes after electroshock in aniO,1als first treated 
with 'anti serum to ,somatostatin. 9 . 
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, ~ lII.,A. 2. THE EFFECTS OF LATERAL HYPOTHALAMIC- rAL FOREBRAIN 

- 'STlrtJLATION AND SOMATOSTAT(~N- ANTISERUM ON PULSATILE GH.' RÊTÎON' IN 
~ , 

FRE~LY-BEHAVING RATS: EVIDE~CE FOR A DUAL REGULATORY MECHANISM* 

.1 

" 

" ABSTRACT' 
\ . 

, ;j 
II , 

The purpo,sé of thfs f nvesti gati on was to examf ne the ro 1 e of soUtostatf n 

(SRIF) and electr1èal stimulation of the lateral hYpothalam1c-med1al forebrain , , -.. 
bundle (LH-r.FB) on «ynamfcs of pulsatfle GH secretion fn freely-behavfng, 

chronfcally c~nnulated male rats with implanted brain electrodes. The effects 

of adminfstration of antfsomatostatin serum (ASESRIF) on pulstfle GH and on 

TSH and P~l secr~t10n was also studied. T~e res~l~S ~ay be sUJllllarized as 

follows: 1) circulating AS.)RIF 1ncreases trough lev~ls of GH in ' 
, Q 

free ly-behavi ng rats" but has no sf gni ff cant effect on the amplitude of GH . .' 

secretory bursts or mean GH levels; 2) qi."=-O excfta~ion can stfmulate GH , . 

release ff del fvered when cir,culating GH levels 'are iow~ 3). LH-f!FB stimulation 

inhit>its secretion of GH '1~ 'g1Ven at the time of a sfontaneous GH burst; 4) 

sti~u1ation-i~duced GH inhibition 15 prevente4, by pr~:reatment with AS-SRIF t~ 
, , 

" . suggesti ng that thi s response 15 me di ated by endogenous SRIF; and t 5) AS-SRIF 

f ncreases TSH secretfon, but has no effect on Prl. 

~hese results provide evidence ~ support the hypotheSi(:hat p'1tuitary GH, 

secretion 15 regulated by a c-ombination of exc1t~tory and inhfbi,torY 

f nfl uences, the f nhfbf tory ,component of \1Ih~ ch f s, medf ated by, SRIF • 1 ! 

*Terry and, Ma,rti n. 1981 b. 
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/ .' INTRODUCTION ) . , ,-

~..., " \. 

Somatostat-in (SRIF) has' been sho~n to inhibit GH and. TSH sècretion in a 
, 

variety o,f species (Va1e et ,al ... 1977; Schally e~ al •• '1978). Previous 
_ ' • 1 Il J '1 • 

st,udies in rats have snown'that pass'ive ;llI1luniz'ati~ with àntisera, ta SRIF 
, J 

(AS~SRIF) prevented a decrease of GH secretion by,stre$s (Arimura 'et al., 
" . 

, 1976;,lerry et al., 1976b), rever·sed the starvation:-induced depression' in 

plas.ma GH (Tanne~'baum et al.,'1918), increased'basal or trou9~'~erum'G~ ~nd 
, - , 

TSH level~ (Ferland'et al:, 1976~ 1977;/Terry et al., 1977b; Arimura and 

. "S~h_ally, 1976; ~ordin et a1., 1976'; Çhihara 'et 'a1.~ 1978), and enh,anced the 

',: TSH response ta co1d exposure (Fe"rland et al, 1976) or to TRH (Arimura and 

. Scha11y; 1916; Gordin et al., 1976). Anti somatostatin serum a1so, increased 

basal ôH 1eve'ls in dogs (Sèhusdziarra et al., 1978). Active immunizaUon 
- '. 

l -

a9!lf~st SRIF in babo9ns (Steiner et al. t 1978) or sheep ((Varner et aL, ,1.980) 

resulted in elevated- base 1 ine GH secretion. Chihara et al'., ('1978) reported 

that both GH and TSH 'response;; ta AS-SRIF required' an intact medifft. basal 

hypothalamus and that the TSH re~Rqnse "to AS-$RIF was médiated by nypotha1amit 

TRH. Although the~e api>~ars to te g~neral agreement t.hat Syst~c .... , 

,'admini~tration, of AS-S~IF result,s in Elevation 'of baseline or "trough" GH 

le')/e1s, 'reports differ as t~)'4~"t" effect AS-SRIF has :on the ampl'itude and 

frttquency of GH secretory burst's and on ,overall mean plasma GH-1~els '(Ferland 

et aL, '1976; Steiner et 'al~, 1978)'. 

. It"has beeri '~uggested that' ~RIF 1s invo1ved tn ~he physio,logica1 contr~l 

,1 of basal GH secretion and" that episodic bursts of GH re1ease f1.1ay be due to ;~he 

"intermittent release of a "GH-re1easing hormone (-GHRH). ,Ehle et al. (1977) , , 
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" reported that'electrical stimulation of the ~gdàla in consc10us monkeys 

prod~ed an increas~ in plasma GH when the,levels were low; when levels were 

h1gh j GH·decréased as a result of stimulation. These results suggest that 

mnygdalar stfm~lat10fl delivered during periods of ep1sodi~ GH re1ease results 

. in suppression ~t' GH secretion, possibly due to SRIF releas~an effect 
, . 

potentfally reversible by pretreatment with AS-SRIF. Conve~sely, stimulation 
~ 

during a trough period, when GH levels are 10w, increases GH secretion. This 

effect could be due ta GHRH release or to inhibition of SRIF release and 

-. shoul d not be affected by AS~SRIF. 

The present stu~ was desfgned to detennfne the role of SRIF in pulsatile 

GH secretion in the rat under conditions known to elicit either a stimulation 

or inhibition of GH secretion. Electrical stimulation of the lateral 

hypothalamic-medial forebrain bundle'(LH-MFB) was previously shown b,y us t~ 

cause inhibition of GH secretion when del1vered during a spontaneous surge ~f 

secretion (Terry and Marti n. 19184). The present resul ts 1ndicate that the 
, • 1 

effects of such stimulation are dependent on the timfng of delivery of tne , 
< 

.. stimulation in relation to the spon..taneous, epfsodic GH 'Secretion • 

• • f 
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MATERIAlS AND METHOOS 

1. Characterization of antiserum of SRIF 

Antiserum to SRIF was generated in sheep and characterized by mathods , 

previously described (Rorstad et al., 1979b}. 

2. Animals and experimental design 

Male Sprague-Dawley (Charles River) rats weighing 300-400g were housed at 

constant temperatu~e (22 + lOC) in individual cages·with free access to , -
laboratory chow and water during all experiments. The light-dark cycle was 

maintained at 12:12h with lights on at 0600h. All animals were observed for 

" , week prior to surgery. 
, 

Experi~ent 1. Animals, implanted with chronic indwelling cannulae placed 
. 1 

in the r;~ht atrium via the right external jugular vein were adapted to 

~ i 50 lat i on .t'es t chambers. us; ng method 5 prey,; 0 us 1 y de sc ri bed (Terry and Marti n. 

1 ( 

" 1978). After recovery of preoperative body weight (usually 1 week 
~ .. ~ .. 

--"'--
postoperatively) blood samples (0.4 ml) ·were withdrawn every 15 minutes for , . . 

periodS~<oh (1000-1600h). Each animal was sampled in the basal state (BL) 2 

~ays before receiving l ml of antiserum to SRIF (AS-SRIF) or pre;mmune normal 

sheep serum (NSS) iv at 0900h. This procedure allowed 2 sets of control data, 

NSS and Bl. All blood samples were i~ediately centrifuged, and the plasma 
~ 

was separated and stored at _20°C for subsequent assay. 

Experiment 2. Animals were ma1ntained and implanted with indwelling 

cannulae as described in experiment'l. Monopolar nichrome electrodes (O.? mm 

diameter) with tapered e'xposed tips were sterotaxically implanted in the right 

lateral hypothalamic-medial forebrain bundle (lH-MFB) using deGr ot 

i 
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coordinates: attter'f.or, 4.4; lateral 1.4; depth (~\\2~~2.: as previous1y 
\ 

descrfbed (Terry a~d Marti n. 1978a). One skull sc~""w served as th. 
\ 

1nd1fferent.electrode. Animals W&re observed dafly ~Qstoperat1vely and bl00d 
\ ' 

sampli ng was not 1ni tfated until each had attafne~ pre~rgfcal bOdy weight, 

usually .1d. Bl~Od s~Ples were wfthdrawn every' 15 minu~~,s for periods of ~ 
. '\ 

l/2h (0930-l600h) in the basal state without stimulation (~oAstfllu1ated 

baseli ne control). \ 

A model 7150 Mûelear Chicago constant· current generator w s use.d for aIl 

stimulations and the pulses delfvered were monitored on a Tekt nix . '" 
oscilloscope •. Stil1lJlation parallll!ters consisted of s~trical, rPhas'~",c • 

square waves deHvered in 0.2 sec~ trains at 400 pulse pairs/sec. Each pulse , 
pair was 0.5-1.0 m sec in duratfon wfth a current of 100 J,lA. I;;a,YfdUa~ rats 

were p1aced fn an isolation box ancj electrical connectors and veno~s cannulae 

were assembled as described elsewhere (Terry and Martin, 1978a).. T'tIe number 

of stimulations deI ivered was counted electronical"y~ Three days If'er the 

non-stfœ1ated baseline control, two blood samp1es were r8lllOved atl093q and 

0945 followed by aÔllinfstration of l ml~f~~S~ fv at 0950. A1l anfmals were 
. -

stimulated at approximately 3800 stimu'ati~ns/h, si!1lilar to nonreinfor.c1ng 
~ 

conditions, as previously described (Terry and Martin, l 918al.. 

periods of stilllllation were delivered at 1030, 1230, and l430h. 

. \ 
One ho ur 

" On day 6, 1 

ml of AS-SRIF was followed by electr1cal stimulation delfvered in an 1dent1cal 

manner. 

3. Antibo«y tfters of rat plasma after, adllinfstration of SRIF-AS 
.-" 

Antibo«y titers in plaSila of SRIF-AS-treated rats from exper1ment 1 were 

assessed by determinfng the capacity of aliquots of rat plasma obtained Ih~and 

) . 
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7h after SRIF -AS admi nis trati on ta bi nd 1251 [Tyel ] SR IF • Plasma Sa/llp 1 es 
o . 

from each rat' were diluted 1 :20 in the RIA buffer CRorstad et al., 1979a,b). 
" , 

o 

Bi ndi ng ta label ed SRIF was detenni ned under the conditi ons used f n the RIA 

for SRIF (Rorstad'et al., 1979a,b). 

4. Honnone assays 

Plasma GH, PRL and TSH from experiment 1 were measured in duplicate by RIA 

using ma-teria1s kindl,y supplied by the National Pituitary Agency. Results are 
() 

expressed in terms of the respective NIAMDD reference preparation'. In 
" 

exp:~rfment 2, on1y plasma GH was measured. Al iquots of AS-SRIF were assayed 

for GH, PRL and TSH. To examine possiblE! interference in the double antibody 

RIAis by AS-SRIF or,~SS, which was administered~to the animals, 

hypophysectomi zed rats were i nje~ted iv wf th l ml of AS-SRIF or NSS and bled 

1h later. The serum obtained was tested to detennfne any~ffect on the 
~o ~ 

standard curves for GH, TSH and PRL. There i s no cross-react1vity with ovi ne 

GH • 

'·5. Hi stological verification of electrode pl acement 

Ât the end of the experiment 2, rats were anesthetized wfth pe~tobarbital 

and per~used with 10 percent formalin through the 1eft ventricle. The brains 

were removed and fixed in 10 percent fonnalin and sucrase for 24h. Brain 
o 

sections (40 J.lml were eut on a cryotome, stai ned with a cresyl violet/thionin 

solution and examfned microscopica"lly for electrode path and tip location. 

6. Ana1ysis of data 

Experiment 1. The unpai red Student 1 s t- test was used ~o compare-mean 6h 
\ i: 

/ \" 

plasma levels of GH, PRL and TSH, mean peak and trough levels of GH pulses 

between treatment groups. and mean SRIF binding capacity of the plasma. 
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Experiment 2. The mean level of GH was determined for the first 

(1030-1130), secon9 (1230-1330) and third (1430-1530) per10ds of stimulation 

in AS-SRIF- and NSS-treated rats or non-stimu1ated basel;ne controls. 

Statistica1 comp,~rison was done using the unpaired Stugentls t-test • 

... 
RESULTS 

<:) 

Effect of AS-SRIF and NSS on pituitary hormone RIA 1 ~ 

Sheep AS-SRIF contai ned a sma 11 amount of material reacting in the rGH 

assay (3.6 ~ 0.1 ng/ml). Rat TSti and PRL were undetectable in the AS-SRIF. 
l , 

The RIA standard curves for GH, TSH, and PRL were not displaced by serum from 

'hypophysectomized rats that received AS-SRIF or NSS, indicating that, the sheep 
, ' 

sera did ,n~use spurious values in these RIAis. 

Effects of AS-SRIF on GH, T5H and PRl secretory profiles: Experiment 1. 

Figure 17 shows the mean plasma GH 1 evel s of the AS-SRIF and NSS-treated 
" " groups of rats; Both groups exhibited a pul~ati1e ~attern of GH secretion, 

with most peak GH values' > 200 ng/ml and trough values <,7 ng/ml. GH profileS 
J 

of anima1s administered AS-SRIF indicated that surges ,of secretion occurred 
(1 

earlier than in NSS-treated animal s (1000 and 1300h vs 1100 and 1400h, 

respective1y) and mean GH trough values in AS-SRIF treated rats did not fall 

below 50 ng/ml. AJthough ,AS-SRIF administration resulted in an elevation of -

the mean 6h _GH leve1, the difference was not significant when compared to Bl 

and NSS controls 022.4 ~ 21.4 vs 85.6:: 9.5 and 77.2:' 10.8 ng/ml 

respectively; Figure 18). The mean peak GH 1eve1 after AS-SRIF was 404.2 + 

43.6 ng/m1 t not significant1y higher than NSS and BL control s, 359.2 + 62.3 
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and 434.4 ~ 39.2, respectively (~ig. 19). However, the mean trough 1evel of 

, 

GH was significant1y e1evated in AS-SRIF-treated ~nimals compa.red to contro.ls 

(16.5 .:!:. 5.3 ~s 6.6.:!:. 0.4 and 6.8.:!:. 0.3 'ng/ml; p < .005; Fig. 19). No 

significant differencel was observed in the GH secretory pattern between,BL and 

NSS rats. 
\ '" 
The mean plasma T?H 1evels of AS-SRIF and NS'S-treated animals are shown in 

Figure 20. The mean 6h TSH level was in~reased significantly in AS-SRIF , 

treated animals compared to SL and NSS contro1s (241.8.:!:. 0.8 vs 136.2.:!:. 4.2 

and 148.1 + 7.5 respective1y; p < .001) as, i11ustrated in Figure 18. 

In contrast t no di fference was observed in the secretory profiles or mean 

plasma PRL 1eve1s of 'AS-SRIF and 'control groups (Fig. 21). The mean 6h PRL 

level of SRIF-AS-treated rats was 4.9 .:!:. 0.8, not signific,antly different from 
. 

SL and NSS animals, 4.3! 0.6 and 3.3 + 0.3 ng/m1, respectively (Pige 18). 
-lJ. 

Effects ef LH-MFB stimulation and AS-SRIF on GH secretion: Experiment 2 - , 

Typical episodic secretion of GH was observed in the non-stimulated 

base1ine control group with peaks at 1115 and 1430 and a trough at 

approximately l300~ (Fig. 22). LH-MFB stimulation in NSS-tr:.eated animals at 

the initiation of or during a GH pe,jlk (1030-1I30h and 1430-1530h) resulted in 

the suppression of GH s'ecretion to trough levels; whereas, stimulatip'n during 
.. 

the trough period (1230-1330h) r,esulted in the release of GH (Fig. 22). 
- ' 1 

Pretreatment wi~h AS-SRIF an~agonized the inhibitory effect of Ll-I-MFB 

stimulati~n on GH durin~ .peaks but had no effect on stimul ation-induced GH 

. release during tr~ugh periods· (Fig. 22). T~ese resu1ts are sumnarized in 
-

Figure 23. Mean plasma GH was significantly lowered below the baseline 
---
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control by L~MFB stiaulatf~n durfng'secretory bursts at'1030 and l430h. an 
t ' "' 

effect ~at WIS opre;~nied by AS-SRIF .acbfnfst~a~10n. Conversely, llean plaSila 
," / Il \ 1;' t 

GH was ele9ated sfgnfficlntly above baselfne by stf.ulatfon durfng ~~ trough 
f""" ~: w 

1.. ." ~ ~ 
pe'rfod at 1230ti "1n NSS- clnd AS-SRIF-trelted anfRlals with no, sfgnfficlnt 
'1" , ~ ~ 

dffferé~ between tt,Je two trea1:llent groups. 
1 .~ : 

Antfserum to SRIF in plas.1 
"1 

o 125 1 
Th':' mean pl asma bindf ng capac1ty ,Qf, 1 [Tyr] SR IF by a 1/20 

dilution of pl~sma fram experi.ent 1 at 7h.post-ÂS-SRIF treatment was 56.5 ~_ 
'_ 1 

o 

1.5 percènt, signiffcantly less than at lh, 64.0!. 1.4 percent (p < .01, 
• j ~f t • > ... \ 

n-6) • When compar~d to tf ~ers of anti serllD used f n the RIA. ttre b1 ndi ng . ' 

càpacfties of these sallp1es were equfv'alent to 1:200 at ~h and 1/620 at 7h. ' 

Altho~gh the hinding capacity at 7hJ was sfgnff1~ant~y less" it r~1~ed high~ 

Hfstological verffication of e1ectrodes 
, 

Electrode tips were located 1n-ÜÎ-r-FB regf~)n sfmilar ta, studfeS"prevfously 
Il co / 

reported (Terry and Martfn. 1978a). " 
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Fig. 11. Effects of an iv injection of AS-SRIF at 0900h on 
mean plasma CH in free.1y-behaving', chronically cannulated 
_I~ rats. Top, Typica1 pulsadIe GR, secretion i8 ev:l.dent 
in NSS-treated rats. ,Bottom, AS-SRIr results in e1evated 
t~ou8h leveIs~, 'Vertical Unes represent SEM. Number of 
animals in each group is shaWn ~n parentheses. 
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'Fig •. 18. Mean. 6h plasma GU, TsH, and PR!. 1eveis :l.n 
" lŒltreated (baseU,ne), NSS-, and' AS-SRIF-treated rats. 

The mean .6h pl~stn.a TSH (middl,~) was increased signif
icantly'(p < .00l) in AS-SRIF-treated animaIs. 
Although mean plasma Qi (left) was hlgher a~ter AS":7SRIF,' 
the inc.reyè vas not significant. Mean plaS'lila PRL (right) 
wu tmaffected. N'umbers of samples in each group are -
shown in parentheses. Vertical bars .rep1'eeent .SEM. 
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Fig. 19. Effect of AS-SRIF on mean peak and trough 'QI 
levels. Lefe; l1te mean peak level of CH 'was not aftected 
by Al;-SltIF. R1~t,. The mean trough CH leVel wu' increased' 
significantly Cp < .• 005) by administration of AS-SRIF. 

'. Vertical Unes represent SEM. Number of saqtles' ln each 
group 18 shown in parentheseà. . 
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. Fig. 20. Effects of an iv injection of AS ... SRIP' at 0900h on 
mean pla's-ma TSH in (reely-behaving, chronica11y cannulated 
rats. Top, Normal 6& TSH Secretory pattern in NSS-treated 
rats. Bottom. Inc::reased TSij secretion in AS-S:aIP'-treated 
animals r ~n effect that is ~st pronounced lb after injection. 
Numbers of ",animaIs in each graç are shown in paren~heâes. . 
Vertieal bat" represent SEM. 
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Fig. 21,. ", Effects 'of an iv injection of AS-SRlF on IQean' plaSatl PRL in 
free1y-b~hav1ng, éhronically cannulated male rats. 'rop, Normal 6h 
PRL secretory profi1e in the NSS-treated,group; Bottom, AS-SRIF had 
no significant effect on the 6h PRL secretory pattern.. Vertic~ 

t ;' \. 

bars represent SEM. Nuà>ers in parentheses indicate the' nUQlber of ~ 
animals in each .aroup. 
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Fig. 22. ~ects of LH-MFB stimulation and AS ... SRIF on mean plasma GR 
in free'ly-b;hi-rtng, chron1c.ally cannUlated' male rats. Top, Typical 
pulsatile GR secretion Is evident in the non-st1tm.aate4 baseline 
control group. Middle, stimulation at 1'030 and 1430h suppresses 
episodié GR; whereas, 'stimulation at l230h resu1ts in GR release· 
ab ove troùgh leveis. Bottom"pret~eatment wlth AS-SBlF ~tagonlze~ 
st1mulation-induced GH suppression at 1030 and l430b, but 'has no 
effect on increased GR secretion resulting from stimulation at 1230h. 
Arrows indicate the adndn1stration of NSS or AS-SRIF 4t 0950h. Cross
hatcbed squares represent hourly periode of stimulation and the 
enc10sed number indicate the number of stimulations/ho Vertical bars 
represent 'SEM and nUDilers in parentheses indlcate the number of ' 
animaIs in each group. 
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~ NOAMALi SHEEP (n=24) 
SERUM CONTROL 
3868% 39 STIMIh 

.,~ . , 

/::::::;:::":::1 NON-STIMULA TEo(n=24} 
o"" •••••••• ;. BASELINE CQNTROL 

Fi&,. , Z..3. Effects of AS-SRIl on mean .plaSDl8 GR dw:ing hourly 
periods of Ul-MFB stimulation. Stimulat:lon d~ng secretory 
episodes (1030-1130 and 1430-1530h) in NSS-treated animaIs 
resu1ts in suppression of GR (*1' < .001), an effect reversib1e 
by AS-SRU. The antagonist:lc effect of AS-SRIF on stimulat1on
induced GR suppression was less proneunced (~ < .02) during the 

.second secretory episode. Ut-'MFB excitation during a trough -
period (1230-1330h) induced GR secretion (tp < .OS); this effect 
was not influenced by AS-SRIl. Vertical bars represent SEM and 
numbers in parentheses indicate'number of samples. 
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DISCUSSION 

The present stu~ fndica~s that passive immunfzation with AS-SRIF 
\ ' 

1 • 

1ncreases baseline or trough GH levels'1n freely-behaving nts wtthout 

signiffcantly affeCrtfng the _pli~ude of GH secretory episodes and overall 

mean plasma GH. Severa 1 fnyestigators have reported increased basal seru. GH .,. 
in response to circulati ng AS-SRIF (Fer1and et al., 1976. 1911; Terry et al. t 

~ 

1977b; Chihara et al., 1978a), and our results confina these studies. GH and 

TSH responses to AS-SRIF require an intact media1 basal ~pothalamus (Chihara 

et al., 1978b); therefore, i t 15 !"Ost likely that the GH response to AS-5RIF 
. '. 

15 due to the binding of SRIF re1eased into the portal circulation fram the 
, " 

median emineQce. Report} di ffer as to the effect of AS-SRIF on GH secretory 

bursts and mean plasma ·GH·level. Ferland et al. (1976) observed a 2-3 fold 

.1nerease in the amplitude of GH secretory peaks after AS~SRIF adminfstration 
, ".' {I 

to unanesthetfzed rats. It f s, possible that in these experfments suffici ent 

ti me had. not e 1 ap~ed fr-om surgery ~o sanap 1 f ng ta p'nnf t reçovery of nanA 1 
. . ' 

episodic GH secretfo'n. Varne .... et al. (1980) reported similar effects an GH 

secretory ,spi kes and an 1 ncrease 1 n the overa 11 serum SH i n sheep iMun1 zad 
, 

agai~st SRIF. )fIn contrast, Steiner et al. (1978) found a marked diminution in 

epfsodfc SH burs~s and no'~i-ff~re~ce in the, to~al fntegrated 12h GH secretion 

in baboons after active fnnunizat10n against SR'IF. These conflfcting resul'ts 

could be. explafned by the canfound1ng effects of,fasting, cannulation stress, 

anesthetics, passive (acute) vs active (chronfc) i.unization against 

circulating SRIF, species differences in the tenlporal 'llattern of GH secretion, 

, . 
• # 
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or ,the variabllity in GH"'level S'and lilDited ntnber ()f an1.' s. Data frOID the 

present expe~1ments support the hypothesfs that trough periods of dfminished 

Gai secretf~n are the result of ep15od1c SRIF release. 

Prevfous stud1es from th1s 1aboratory showed that electrical stimulation 

of"the LH-f!f'B del1vered by intracranial self-stilllUi.at1on in the rat resulted ' 

1 n suppres~ion of GH (Terry and Marti n, 1978a). The resul ts of the- present< " 

stu'dy suggest that activation of the LH-flFB, an area known ta contain 

ascending IIOnoamfnergic pathways (Moore and 8loom. 1978, 1979; Hokfelt et al.~ 
- ~ 

1978). causes rapid inhibition of GH secretion when levels are I1fgh. A . 

s1milar effect on GH was observed after amygdalar stimulatio~ in conscfous 

monkeys (Ehle et a1., 1977) and 1n'anesthetfzed rats" (Martin eta1., 1972). 

Th~$ effect may have b~eri the result of the stimulation:fnduced GHRH release, 
. . o and/or inhibitfon of SRIF release and was not ..altered by administration of 

Ci 

AS-SRIF. Taken together, these resul ts prov1 <le evi dence tQ support the 

hypothesis that JiH 15 regulated by the episod1c secretion of at Jeast two , 
. 

hypothalamfc bypophysiotropfc hannones, one 1nhfbitory and the other 

exc1tatory, the fnh1b1tory component of whfch i5 medfated'by SRIF" . .The 
• cr· . 

possfbf1 ft y also exists that c1rcu4ting ~H rnay have feedback effects to 

regu1a~ cyclic1ty ~ that th1 s might i nfluence I".espo-ns~s to st11lulation of 

the same bra'fn ~on. " -

1 n th.f s stu~. we al 50 observed tha:t the f v f nject1 on -of AS-SRIF caused a 
-~ . 

significant increase in the mean 6h TSH level. , There wu no cUscern1ble' 

effect on epi sodi c TSH secretion. Thi s .sugges'ts ~hat SRIF, exerts 'a 

physfolog1cally fmportant inhfbitory effect on TSH secretion. It has been 

shown that hypothalamfc destruçtion or pretreatment with 4nti - TRH aboli shed 

'. 
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the TSH response to AS-SRIF (Chihara et ~1.. 1978); th.refore. i~ .";"Irs that .. 
• 1 ~ ,~ <1'" ~ r ...... 

the fphib1tory effeét of SRIf on TSH f5 dependent on s~illUlItfon by TRM:. • 

Se .... PRL wes unaffected by AS-SR IF , suggestf ng that SRIF f s no-t f nvo 1 vlci f n 

the regulation of PRL secretion. 

I~ 15 possfble thlt tile declfrie in bath GH and TSH after AS-SRIF"wls 'du~ . , , 
to a clecrease tn the neutrll1z1ng""effect'IYeness of A$-SRIF after 6 hours of . " 

multiple. saapling. To effect ca.plete fJlJIlLlRoneutralizati~n of,.è1rculat1ng 

SilIF ~~r ex~nded perfOd~, 5111111 .olints of ~S-SRIF could· be- acDf~f~tered 
after removal of each blo~d_$alllPle. 
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3. CONCLUSIONS 

Resul ts of th,ese exper1ments support the hypothe~f s that spontaneous 
1 

rhythm1c growth homone secretion is detenained by a cOlllbination of excitatory 
\ ' " . 

and inhib1tory influences. the inhibltory- component of whiçP is mediated by 
.. Il (, • 

somatostatin. Cfrculating somatostatfn antiserum increased the amplitude of , 

growth hormone ebbs. but had no signfffc)ant effect on the magnitude of growth 
" 

honn~ne rises qr mean levels. Furthermore. stress- and stimulation-induced 
, -

growth hormone. suppression ,was prevented by pretreatment w1th somatosta'tfn 

antfsera, suggesting that thfs response is mediated by endogenous 
- ' 

,'A~ so~_tostatin." Interesttngly, lateral hypothalamfc stimulation during growth 
\. ,.. 

honnon~ ebbs caused growth honnone release. This effect was not augménted by' 

somatostati n antiserum, suggesti ng it was due to a growth hormone releasi ng 

factor or stimul aU on of such lSy enhanced catecho 1 ami ne relèaSe'. 

~ 1 though these studi es i ndi cate that somatostatf n has an fmportant 
: ï '.:."'t: ~1 ... ~ 1 

t;'" I.'~ .. J/Ir "1. 

function in growth honnone regulation, they do not define the pathways 

involyed in this p~ess. Hence, the next sequence of experiments (section 
~~ ~.). 

III;a,1,2,3) were devised to define the site of orfgfn of-hypothalamic 
, ' 

, 1 

somatostat1n and determine the effects of stress and hypophysectomy on\ levels 

of this peptide in dfscrete hypothalamic and extrahypothalam1c sites. 
'" 
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/ CENTRAL SOMATOSTATINERGIC PATHWAYS INVOLVEO IN REGULATION 

OF. GROWTH HORMONE SECRETION 

III., B. 1. BIOCHEMICAl MAPPING OF SOMATOSTATINERGIC SYSTEMS IN RAT BRAIN: 
, 

EFFECTS OF PERIVENT~ICpLAR HYPOTHALAMIC AND MEDIAL BASAL AMYGDALOID LESIONS ON 

SOMATOSTATIN-LIKE IMMUNOREAC]IV)TY IN OISCRETE BRAIN NUCLEI* 

A BSTRACT 

Immunohistochemical studies have demonstrated the presence of somatostatin 

(growth hormone release-inhibiting factor)-pesitive cell bodies in the 

per;ventricular nucleus of the hypothalamus and in the medial-basal amygdala. 

In orderlto map biochemically the projectiQns of these cell groups, 

o electrolytic les;ons were made in these structures and somatostatin was 

measured by radioimmunoassay in microdissected brain nuclei. Bilateral 

destruction of the periventricular nucleus significantly decreased 

, 

. 
'somatostati"n-like immunoreactivity (SU) in the median -eminence, and in the 

, 
rostr-al periventricular, medial preoptië and arcuaté nuclei. Bilatera'l 

lesions placed in the medial-basal amygdala significantly decreased SLI in the 

median eminence and suprachiasmat'ic nucleus. ,Similar deplet-;ons were observed 
1 

follow1ng les~ons of the stria terminalis •. These results suggest that both 

the periventricular and amygdaloi~j\ somatostatin systems may participate in the 
---'"' 

regulation of growth hormone secretion via their projections to the median 
1 1 

emi nence and other hypot.h a l ami c nue 1 e 1. 

*Crowley'an~ Terry, 1981a 
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INTRODUCTION 

There 15 substant1al evidence that somatostat1n, (growth hormone 

'rélease-inhlbitfng factor) a"tetradecapeptide present in brain and in severa1 
~ > 

periphera1 tissues, constitutes an important regulatory influence on the . -." 

secretion of growth honnone (GH) from the anterior pituitar,v gland. 
~ 

Somatostat1n suppresse5 the nOMl.1 pu1sat11e re1easa of GH (Martin et al., 

1974) and antagonizes the discharge of GH elfeited by a 'variety of 

exp.erilllental ma~ipulations in rats and other species (Martin, 1976; Martin et 

al •• 1978a). It 15 like1y that somatostatin interaets wfth othe~ neural and 
• 

honnonal systems in the overall physiologieal control of GH $ecretion. 

There are numerous reports on the regiona1 locaHzation of sOII!atostatin 

wfthin the central nervous sys~. usfng immunocytochemica1 techniques (Alpert 

et al .• 1976; Baker and Yu, 1976; Qube et al.·, 19.75; E1de and Parsons, 1975; 

Hokfe1t et al., 1~75, 1978; 'Parsons et al.. 1976; Setalo et al., 1975) and 

bioassayor radfoil1lllunoassay of nricrodissected bra-in areas (Browstein et aL, 

1975; EPe1ba~ et a.1., 1975; Palkovits et ~1.. 1976; RJstad et a1~, 1919b). 

Wf th these approaches, the hi ghes t concentrati ons of somatosta ti n-li ke 
, . 

inmunoreacthity (SLI) are observed in the median eminence, and 10wer, bu~ 

significant, amounts are al 50 pre~sent ,within the preoptic area, ~âr basal 

hypothalamus and amygda1a. Inlltunohistochemic-al studies have shown thât these 

region~ predominantly contain somatostatin-positive fibers and nerve 

tenninals, while SLI-containing cell bodies' appear tq be clustered within the 

periventricular hypotha1amic nucleus, media1, cortical and basomedial 
, 

~gda1oid nueJei,~erta. interstitia1 nucleus of the stria termina1is 

~ 
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. and. h1,ppocanq:,us, (Al pert et al., 1976; Baleer and 'lu; 1916; Dube et a,l., 1975; 

Elde and Par~ons, 1975; Holefelt et ·â1., 1975, 1978; Parsons et al., 1976; 

Setal0 et al., 1975). 

1 t bas been suggested that the somatostati n f n the median etnf nence derhes 

fram cells located more rostrally because "large 1es10ns of 'the preopt1c arel 
, , 

and anterior h,Ypothal a~s Ml"'kedly decrease somatostat1 n f n thf s . structure 

(Crftchlow et al., 1978; Epelbaum et ,al. t 1977b),., Moreover, total or frontal 

deafferentatfon of the medial basa1 hypothalamus reduces SLI withfn thfs 

fragment (Brownstein et al., 1917; Epe1baUIII et al., 1977b). It fs unc1ear at 

present whether these effects are due to destructfon of the perfventricular . 
hypotha1amic somatostat1n system or to interruption of somatostatin-

, '. containing ffbers from other forebrafn structures, or both. 

The objective, of the present investigation was to define more precfsely 

the specifie projection patterns of the anterior per1ventr-fcular hypothalamic .. 
and medial-basal amygdalo1d soÎnatosta.t1n:-positive cell groups by employing the 

. , 

bioehemical mapping approach (Kobayash'l et aL, 1974; Q'Donohue et aL, 

", '1979). To thfs end, discrete lesions were placed in these areas, accordirig to 

stereotaxie somatostatÛI mappfng (Holcfelt et al., 1978), and SLI ,was 

detennfne.d in ind1v1dual brain nucle1 thllt-were',mfcrodissected from the 

hypotha1 amus and other, forebraf n structures .... 

~ 
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~THODS 

An1mals 

Adult, male Sprague-Dawley rats, 200-250 9 ~odY weight, were ob~ined from 

Harlan Industries (Indianapolis, Ind.). An1mals were housed in groups of 5 

and maintafned 0" a l4h light, 10h dark schedu1e and ad lib food and water .. 

Surgery 

Anil1la 1 s were anesthetized wfth ch 1 oral hydrate and placed in !l Stoel ti ng . 
stereotaxie ap.paratus, 'with the top of the fAChor bar '23 mm From the su~face 

of the anfmal platform. ln one exper1ment, bilateral electrolytfc lesfon's 

were placed in the perfventrfcular hYpothal~iC nucleus at t~~ level of the 

perfventrieular nucleus. This corresponds ta the location of periven~ricular 

cells that dfsplay somatostatin-lfke immuriofluorescence (Hokfelt et al. 

1978). The coord1 nates were, 6.8 l1In anterfor" to the 1 ntenuricul ar·11 ne; 7.0 

mm ventral to the dural surface, and the electrode was lowered in the 

mid-line. The -lesions were made by passing 2, lM current'from a Pulsar 6bp 

stimulator (Frederfck Haer, Brunswick; Me.) for'5 ~ec to ~ 24-gauge 
, /. --, -

platinum-frid1ulR electrode that had a 1 ~ 
/- --./ 

animals, the electrode was lowered to 4 mm eneath the dural surface and no , 

current was' passed. 
'. 

In a seconéi experfqJent, bf1ateral 1ytic ,lesions were 'pl aced either 
, , 

in the medial-basal ~gdalofd area or in' the stria tenninal1s. The aDlYgdaloid ,-

placement corresponds to tb.e loca.tion of èells show1ng soma~stat1n-l1ke ,.

fmmunofluoresèenc~ ~Hokfelt et al., 1978), while lesions of the stria 
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tenninalfs 1nterrupt a major alll)'gdalofd efferent pathw~. For thé aa.ygdalo.fd 

placement, the co.or..dinates were 6.0 AlI anterforj 3.3 II1II lateral and 8.0 l1li 

--ventral. 'For the strfa termfnalfs placement, the coordfnates were 6.0 mm 

anterfor. 3.4 an lateral 'and- 3.8 lm ventral., F.or each -lèsion, 8 mA current 

was passed for 5 sec. - Shaaa-operated animals had',the "electrode lowered just' 

dorsal ta 'the medial amygdala, and no çurrent was passed' •. 

Microdissection of brafn regions 
- , 

After one week's recovery from'surgery, al1 animals were decapftated and 

the i r brai ns removed rapi dly and "frolen w1.th powdered d~y i ce. ~eri al corona 1 
- 0 

sections, 300 ~m thiek. were eut in a m1cro~ cryos~t at -7 C and frozeq 

opta microscope slides. Sections of 50 ~m thickness wer'e eut through the 

extent of the 1es1on and stai ned with th1on1n, for 'hi stological evaluation. 

Only an1mals bear1ng cOr'r'ectly placed lesions were used for further study. 

"") Individual brain nuclei were removed with stainless steel cannulae as 1 
described previously {Palkovits et al .• 1915}. Tab)e IV provides further 

details of the microdtssection procedure. Tissue specimens were expel1ed into 
, ~ 

50 ~) of iee cold 1 N Hel and sonfcated fon approximately 3 sec. Aliquots of 

5-10 ~l were removeâ for analysis of prQtein content (Lowry et al., 1951). 

The remai ni ng hOIIIOgenate was stor"ed at _90°C untl1 somatostati n was measured. 

\ 
Somatostat1n radfoimmunoass!y (RIA) 

The, somatostat1 n content of t-f ssue samples WIS' detel"lD1 ned by a spec1 fic: 

RIA as descr1bed elsewhere (Rorstad et al •• 1979a,b). Synthetic cycl1c 
- • l . 

so"matostat1 n and Tyrl1-~.somatostati n were purchased frOll Bachem (Torranc::e. 
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Calif.}. The PU~ity of each pepi'it,was verified,by high pressure liqu;d 

chromatography (courtesy of Dr. D. eSiderio) and amino acid analysis 

(courtesyof Dr. "A. Kang). lyrll-somatos·tatin was radioiodinated by a 

modification (Rorstad et al., 1979) of the method of Greenwood et al. (1963) 

and, stored in ,aliqu~ts at _900e. The radioiodinated product was purified by 

ion-exchange chromàtography on a column of carboxymethyl cellulose (CM-52, 
. 

Whatman~ Clifton, N.J.) by a previous1y described method (Arimura et al., 

1975; Rorstad E;!t al:, 1979a,b). 
~ 

Supernatants of the homogenates were 

neutral ized' with l N sodium hydroxide and 0.1 M sodium phosphate. Median 

eminence extracts were diluted 1:15 in the assay buffer, and the other reg;ons 

were measured undiluted. Samples of '10 ",1 were assayed for SLI in 

trip1 icate. Indiv,idua1 samples from the same re'gion of lesioned and 

'. 

o sham-operated anima1s were measured for SLI in the same ass,ay to e1iminate 

between-assay var~a~ion. 

Sheep B-antisomatostatin (Rorstad et aL, 1979a,b) bound,- 32.8 + 2.11 of 

125I-labeled Tyrll somatostat'in at a final dilution 'of 1 :150,000. The 

min,ma1 detectab1e concentration of the RIA was 10.2 pg/tube. The 
\ 

within-assay coefficients of variation for samples that contai ne'! means o'f)8 /' 
"""- .. or_ 

and 242 pg/tube somatostatin were, respective1y, 8.1 (o. 12) and 12.8 (n 
<., 

=lZ). The between-assay coefficients of variation of samp1es that contained 

. means of 52, 106 and 194 pg/tube were 12.4. 10.6 and 11.8, respectively (23 -

assays). There was no interference 'by oth-er hypothalamic peptides (Rorstad et 

al., 1979). The displacement curve of median, eminençe extrac-t;:~ wa~ shown to 

be para11el ta the standard curve, indicating ilTl1lunologic similarity. It ,has 

been shown previously that SLI fram acjd extracts of median eminence, anterior 

hypotha1amus,._ and amygdala' are biologically active (Ror,itad et al.. 1979a,b). 
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RÈSULTS 

Experfment 1: èffects of perfventricular ~pothalaœic 1~s1ons 

Table V pr~sents somatostatfn concentrations in 12 brai n, nucl~i.from 
, 

'sh~-operated animals and animals with perivéntricular lesions. These d~ta 
~, 

r. 

were analyzed by unpai~ed Student's t-tests. Bilateral destruction of the 

periven~r1cular nucleus signHicantly decreased the levels of . 

somatostatfn-lf~e fmmunoreactivity~fn the median eminence (~72 percent). in 

t~e arcuate (-50 percent) and medial preop:tfc nucle1 (-33 perient). and"'1n the 

perfventricul~r nucleus fnmédiately rostral ·to the, lesion (-44 percent) •. No 

Changes fn somatostatfn concentration were noted in the ventromedial nucleus. 

or fn the other telencephal1c and mesencephalic structures d1ssected. 

Fig. ~24A depicts a typfcal anterfor perfventrfcular ,1es1on. In the 

anfmals used in this stu~. damage was largely lfmited to the periventrfcular 

nucl:us. with l1ttle or no involvement of the adjacent medial preoptic. 

paraventricular or anterior hypotha-lam1c nuclef or the .med1an emi nence ... 

Experiment 2: effects of medial-basal !!ygdaloid and stria termi~alfs lesions 

Table VI presents somatostatin concentrations in 8 brain nuclei after 

medial-baul amygdàl0id, stria tenÎliÎ1a1is or sham les·ions. Les·fons of the 

medial a~gdala s1gnif1cantly ~educed somatostat1n-~i~e immunoreactfv1~ in 

the median eminence (-36 ~ercent) and in the suprachiasmatic nûcleus (-2B 

percent). These effects "were mimicked by tr~nsectfon of the~ stria ter.minalis 

,(Table YI). Hcwever; neither les-ion affected thé sorifatostatfn' con'tent of the 
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caudate •. interstftfal stria t.trafnalis. iledfal preop;t.ic, per1Yentricular,. 

ventromed1a1 or arcua:te nue1ei. 

Fig- 24b.c sh~~ the extent'of tissue d..age followtng ~pical 

Î ioedJa l-bas~ 1 _gda 101 d and ,stria' 'tè1Wl nalls I.e,l o.,.; The 8I\Y9lIa 101 dIe. Ions 

usua 11y destroyed lIIOst of the _di al, bas_di al and _ corti ca 1'" ~gda lof d 

~clei and Occ~sfOnally dllllged par~s of ttse ,cefttr.a1 . and, lâteraT _gdaloi'd 

nue1ei. Le$ions of. the stria terafnal15 tended to be SIIIIller, and usually ,. , 

involv.éd the 'adj'acent fimbria, internat capsule and dor.solattrat tha1allus. 
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Table IV >: 

Microdissection of discrete brain regions 

-Brain Region No. Punches/brain 

N. cauda'tus 2 

N. accumbens 4 
< 

N. 1nter~t1tLalls striae term1n~lls 4 

N. preopticus medialis 2 

N. periventr1cularis 4 

N. supracbLasmaticus 4 

N. -' ventro";dlal1s 4 

N. arcuatus 6 

Median em1nence 3, 
~ 

N. amygdaloideus medial1s 4 

N. ~gdaloideus centralis 4 

N. Interpeduncularis 2 

Central gray 4 

,\ ... -

Cannula'size (mm) 

1.0 

0.5 

0.5 

0,,75 

0.5 

0.3 

'l 0.5 
0.3 

0.5 

0.5 

0'.5 

0.75 

0.5 

ApproxillÎtl1:e 
coordinates (~* 

A8920 

A8920 

A6860 

A6860 

A6~60, A6060 

A6360, A6060 

A4620 

A4620-A4110 

A4620-A4110 

A4620. A4380 

A4620, A4380 

Al.8, A1.4 

Al •. S, Al.4 

o 

/' 

\t 

*(Based on refs.: Jacobowitz and Polkovits 1974~ Palkovits and Jacobowitz 1974) 
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Tablè V 
. " 

Effects of les ions ~n the ~eriventricular nucleus on somatostatin-like immunorea ct iv1t y (SLI) ~n selected 
brain nuclei in male rats . 

l<' 

Brain region 

N. caudatus 

N. accumbens , 

N. interstitialis strlae termina lis 

N. pTeopticus mèdialis 

N,' periventricu1aris 

N. veutromedia1is 

N. arcuatus 

:Median eminence 
1 

N. amygda10ideus media1is 

N. amygdaloideus cerltralls 

N. interpeduncularis 

Central g~ay 

-. 

" 

SLI (pgfpg protein ± S.E.M:> 

Sham (n • 9) 

2.4 ± 0.5 

4.4 ± 0.9 

15.1 + 1.4 

14.5 ± 2.0 

21.2 ± 2.7 

25.1 + 5.1 

81.2 + ,13.1 

599.2 + 98.6 , -
12.3 + 1.3 - . 

10.4 ± 1.5 

1.3+ 0.1 

5.,S,,±, 0.1 

J 

Lès10n (n • 9) 

3.0 ± 0.25 

5.3± 0.7 

13.3 ± 'a.2 
9.7 ±. 1.3* 

11.8 ± 1.~*~ 

18.6 ± 2.4 

41.0 ±. 13.8** 

169.5 ± 45.8*** 

9.2 ± 1.,4 

11.4 ~ .1.0 

2.0 ± 0.6 

6.5 ± -0.8 

.t, 

~~~ 

*p < 0.05; **p, < 0.01; ***p < 0.001 VS sham, based On StQdent's t~test8. 
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'Table VI 

~ 
Effect\ of medial-basal amygda10id or stria termfna1i8 lesions on s 
(SLI) in selected brain ~pc1ei in male rats 

immunoreact!vity 

Brain region. 

.. il 
N. caudatus 
N. interstit1a1is strii't~rminaliS 
N. preopticus med1alis 

N. periventricularis 

N. suprachiasmaticus 
~ 

N. ventromedialis 

N. arcuatus 

Median eminence 
4; 

SLI 
------------------------~ ~ 
Sham (n • 10) 

6.4 + 0.7 

20.8 + 1.0, 

20.9 + 4.8. 

46.6 + 4.6 

18.1 + 2.0 

64.5 + 7.3 

223.1 + 18.1 

899.4 + 89~9 

Amygda1a 1e810n 
(n - 13) 

6.9 + 0.5 
19',6 ±. 1.5 

28.3 ± 4.5 

46.8 ± '4.5' 
13.0,+. 1.4* 

53~4 + 5.9 

181.6 ± 24.4 

575.,1 ±. 79~4.· 

. . 
~tria terminalis 
leaiou (0" 7) < 

6.3 + 1.0 -- . 
18.2 + 2.5 

19,4 ± 4 .• 7. 

40.5 ± 4.6 

12.7 ±. 1.1* 

61.6 ± 8.9 

266.8 '+ 10.0 '-
584.4 ± 74.7* 

~ , ~ 
*p < 0.05 vs sham, based.on single factor ana1ysis of variance and Newman-Keuls te8~. 
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Fig,. 24. Sche_tic represeiltationa, of typical lesions placed 
in the periventricular hypothalamic nucleus (A), stria 
t'eX'lDinalis (8) and medial-basal amygdala (C) ~ Coronal sec:
ti?ns l'ere redrawn" from .Jaèob'ow;f.tz and Pa1kè>vits (1914). 
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DISCUSSION' 

. ~ 

The results of the 'present stutly indfcate that th~ hypothalim1c . 

somatostat1 n-pos1tfve cell group. dellOnstrated 111111Unoh1 stochemfcal1y to be ff! 

0' • '"the periventrfcular nucleus,(Alpert et al. t , 1976; HOkfEtlt et al.', 1978). 
, ' . ' 

appears to be the, the source of approx1mate'ly two-thirds'of the s~tostatfn 

1 n the '~edf an emf nente and of approximately 50 percent of.. the somat~stati n f'n. 
, :;. 

the arcu~te nucleus. These findfngs sÜ9gest that 'the decrease in SL,1 observed 

in the median em1nence after large hypothalamfc lesions or frontal" ,'. 

deafferentatfon 1n ~arl1er stud1es CBrownstein et al.. 1977;" Critchlow e;t al. t 

1978; Epelbaum et aL, 1977b) may be attrfbutable ,1n part,~ destruction of 
v, 

thfs pe'rfventr1cul ar system. However, the use of the mfcrodf ss~ctf_on 
.. , 

technique fn the present study has "also revealed that the s'omatost;atin' present' 

l' n the adj aéent ve'nt,romedi al nucleus probab 1y derives frOID' ot,her sources 

because nef ther periventricular nor amygda1a 1 esi ons affected :the SLI of thi ~ 

structure. However t ft still cannot be excluded that more -extensive damage ta' 
, .t,.... \ ' ~ 

the anterf o~~ hypo th a 1 amus mi ght decrease' further the SL 1 in thfs area." ., 

The present data a1~o, rai se the possfbili~ that,these perfventr1c~lar 

cells sel1.d projecti.ons in the anterior directfon becatlse thiir destruction 
, 

. sfgnfffcantly decreased SLI in the perfventricular nucleus. rostral to the 
" . 

lesion and in the medial preoptic nucleus. This fs con5:f.stent with tt:te 
, ' 

>' . . . 
resul.ts of prevfous stud1es (Epelbaum et a1., t'977b)t' showjng that 

o • 

~entromedial tlypothalamfc lesfo'~s or deafferentat1pn of the'·.J1ledial~·b~sai . 

hypothalalllls lower .the sOlAtostati n content of the, preoptic area. . . , 

.. 
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The pr.esent stu~ 1s the ffrst report on the poss1bl, projections of the 

fllllfUnohf stochem1ca 11y i dentified Illedia1 ... basal' aJl)'9dalo1 d soraatostat1 n-post tive 

cell group~ It was or1gfnaJly hypothesfzed that lesions of this region woùld 

decrease SLI Jn thé fnterstitial nucleus of the stria teminalis. media1 

pr~ptic and ven~romedial nuclef» areas Ç known ta receive all\Y9d~10id ef,ferents, 

'frœ the stria tenninal1s (De 01mos and I~gram, 19'72).'" ''''However, no decreases 

of SLI were observe~ in these areas fol1ow1ng a~gdaloid or stria te~inalis 

1esions, and identification of their sources of somatostatfn requires further 
1 

J 0 i 

r b 

investi.gation. lt WIS unexpected that bilatera1 destr.uction of the,medial \ ,_, 

amygdala wou1 d Qec,rease SU in the median eminenee and suprachf asmatic 
. i 

nucleus. To the 'a~thor's knowledge, there are no reports of annr9dalo\id 

projectfDns ta these reg1 ons, and therefore, the present resul ts ShOUf d be 

fnterpreted with'caution. However, similar depletfons of SU ,fn the st nuc1ei 

were observed fo 11 owi ng i nterruptf on of the str1 a temi na lis, imp 11 cati ng this 

tract as the route for these putative somatostatinergfc amygda1o-hypotha1amic 

projections. ' It is suggested that the pr"evious1y described (Brownstefn et al. 

1977; Critch10w et al., 1978; Epe1baum et al., 1977b) effects on somatostatin 

of rostr~l ~pothalamic 1e$1ons ~~ed1al-basa1 nypotha1amic deafferentation - ., 

may be due in pal"t ta -fnterr~pti~n of fibers of all\Ygdaloi d or1g1 n~ as well as 

to per1ventricular hypotha1amic damage. 

It is interesting to note that besides somato'Statin, there is evidence 
, kc:...,. . il 

that the stria temi nalis carries(met-enkephalin, neurotensfn (l,Ihl ê1 a1."t? " 
, ',' '\? 

1978), and a-melanotropin-containing (O'Donohue et aL, 1979) fibers. Thus,"' 

thi 5 tract may contai n severa 1 peptf dergi c systems f nvo 1 ved f n 

1imbic-hypothalamic function. ( 

o 

125 

-----,- ~.,.- ~-

" 

r 

1 
1 
1 
1 

,1 

\ 

.' 

j 



( 

.... '''~ 
- ----- ---\~ ------- ---

The present f1ndings that both the alQ)'gdala and perhentricIIlar nucleus 
. 

contrfbute sOIIatostatfn to the medfan em1nençe. where,presUlllbly ft 15 ~ 

released to affect GH secretion, 15 consistent w1th studfe5- on the involvement 

of the5·e brain regions in control of growth hormone (GH) sécretion. For 
, 

example, GH secretion fs facilftated by media1 preoptfc lesions and 15 

d1mfnfshed by stimulation of th1s area (Epelbaum et at., 197?-bj Martin et al., 

1975). Basal GH release Ifs a150 decreased by stimulation of the IDedial 

atIIygda,la (Marti n, et al., 1974b). In addition, the 'suppression of GH 
-

secretion- by stress i5 prevented by either medial preoptic lesions (Rice et 

al.. 1978) or by passive 11111lun1zation with antisomatostatin (Arimura et al •• 

1976; Terry et al., 1976b). Therefore, ft 1$ possible that these experfmental 

manipu1atfQns affect GH rele~se by fnteracting with the somatostatinergfc 

systems tentati ve1y i dentified in the present study. Further experiments are 

Ill\~ NI progress ta test thfs possibfl1ty and to detennfne th~ origfn and 

f!Jnét10nal significance of the somatostat1n present in other forebrain 

structures. 
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III. B. 2. THE EFFECT OF HYPOPHYSECTOMY ON SOMATOSTATIN-LIKE IfttlUNOREACTIVITY 
l' 

IN DISCRETE HYPOTHALAMIC AND EXTRAHYPOTHAlAMIC NUCLEI* 

ABSTRAcr 

Several hypotha1amfc and extrahypotha1amfc sites that have high 
1 

concentrations.of somatôstatin-pasitive nerve termfnals and/or Gell bodies are 

important in the regulatfon of GH sec\et10n. GH fs capable of fnh1b1ting fts 

own secl"eti on under certa 1 n prescr1 bed condi ti ons. and a short loop feedback 

regu1atory mechani sm may i·nvolve somatostatinergic pathways. The purpose of 
~ 

this investigation was to determine the effect of relllOva1 of GH by 

hypophysectomy on the content of somatostatin-like innunoreactfvity,(SLI) in 

di screte hypothal amie and extrahypothalamfc nucl ei . 
, , 

Individual nuclei were removed from frozen brain sections of 

hypophysectom1 zed and sham-operated male rats. The ti ssue content of 

somatostatin was determfned by a specifie RIA.' The content of SLI in the 

median emi nence of hypophysectom1 zed anima 15 w'as si gn1 fi cantly reduced I)y 38 
"' .. 

percent, compared ta sham-operated controls (278.! 53.2 vs 447.0.:!: 57.4 pg/l4g 

protein, respectively).· Sfgnificant reductfons of SU in the media1 preoptic 

(50 percent). arcuate (33 percent). and periventr1cular (30- percent) nuc1ef 

were al 50 observed 1 n hypophysectomized anima ls when compared to contra l s 

(10.2 + 1.6 vs 20.0 + 3.0; 60.2 + 8.2 vs 89.8 + 13.3; and 19.4 + 1.8 vs 27.8 + _ -.JI _ _ _ _ 

3.1 pg/\1g protein, respect1~ely). No signif1cant changes were detected in the 

ventromedi al, suprachiasmatic, medial, cen;tral, or corti cal .gda1of d nuc1e1 

nor 1 n the nue l eus inter s titia 11 s striae termf na 1 15. 

These data suggest that GH may exert a feedback effect on specifie 

hypothalami c nuclef that i nvol ves somatostat~lJ-Containi ng systems. 

*Terry and CTowley, 1980a. 
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INTRODUCTION 

. 
The ~ecretion of GH fs preèisely regulated- by both stfmu1atory and 

i'nhfbftory neural fnfluences. This control is achfeved by at least twQ 
1 

\ , 

hypotha1am1c hormones: GH-releasfng factor, the structure of whfch is-still 

unlcnown, and the structurally--.fdentÏffed te-tradecapeptfde GH-re1easin,g 
\ 

inhibitfng factor (somatostatin) (Martin et aL, 1978a; Martin-, 1'976'). 

Administration of specifie antiserum to somatostatin to unanesthetized rats 

elevates basal GH secretion and partially reverses stress-induced GH, 

inhibit'fon (Arimura et al., 1976; Fer1and et al., 1976; Terry et al., 1976b, 

1977). These findings support a role of somatostatin fn physiological GH 

secretion. 
( 

Evidence reviewed elsewhere (Martin, 1976) indicates that under certain . 
prescrfbed conditions, GH a1so fs capable of inhibiting its own secretion. 

Administration of GH, implantation of GH-secreting tUlllOrs, or direct 

hy po tha l ami c placement of GJi pellets reduce pi tuf tary GH 1 eve l s. These 
i 

effects occur over a rather prolonged time course and may 1ndicate on1y that ,., 

'the setpoint of the GH regulatory system is sensitive to circulating 1evels of 

"GH. 110wever, acute experfments have also shown that pharmaco10gically 

stimu1ated GH secretion can part1ally block the subsequent GH respônsé _~() a 

s,econd stimulus (Marti n" 1976). 

These i nhtbitory effects of GH may i nvohe an 1nteraction w1 th 

somatostatfnergic systell1s. Several hypothalamic and extrahypotha1amic sites 

tnat are important for the .regulatfon of GH secretion contain hi gh 
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concentrations of somatost~tin-positive cell bodies and/or nerve terlll1nals 
, , 

(Martfn~ 1976; Martin et a1., 1'978a). An 1ncrease in hypothall11ic 

soDllltostatf n content occurs after GH aÔIIHtfstration to normàl" rats (Kanatsuka 

et al., 1979), and intracerebroventricular injections of GH in rats release 

somato~tatin into the hypoth.lanrfe portal blood (Ch1hara, 1979). F~rthermore, 
'\ hypothalamic fragments,fncubated fn vitro relea,e sonsatostatfn after exposure 

to GH C Sheppard et al., 1978). 

l~ a short loop feedback regulation of GH fnvolves an interaction with· 

somatostati n, then remova1 of GH by hypophysectomy should affect the content 

of somatostati n in the brai n. Hypophysecto-.y resul ts in depletion of 

somatostat~n fn the hypothalamus, -..septuJII, and preoptfc areas (Baker and Yen, 

1976; Wakabayashi et al., 1976; Ferandaz-Durango et al., 1978; Bere1ow1tz et 

al., 1978), an effec~ reversib1e by adm1~1stration of GH (Hoffman and Baker, 
, 

1977). However, the 10cal1zation of, these effects to specffie nue1ei w1th1n 
~ 

these Tegions remai ns undeff ned.' The purpose of the present study was to 

determ1 ne the effects of hypophysectolllY on the coneentratf on of somatostati n 

Jn ind1v1dua~1 nuclef of the hypothalamus and te1encepha10n. 

MATERIALS,AND METHODS 

~pophysectomized Cn ~ 10} and sham~operated control Cn· 11} male 

Sprague-Daw1ey rats (?OO g) ~re purehased from Zivie-Miller Laboratories 
~. 

(Alli son Park, PA). Anf~als were housed in groups of four and maintafned 

under 'Coristant temperature C 24' C) and' a 14Î1 light, lOh dark cycle with li ghts 

on at 0600h. Al1 ani~als were gfven rat chow and a ~olution that contafned 35 

mM NaCl, 1.1 mM KC1, 0.32 mM "CaCl, and 0.09 mM MgCl. ~ libitum. 
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Dissection of the brain 

1.0 weeks after surgery hypophysectomized and $ham-o~rated rats were 

alterna.tely s,cr.iffced by decapitation, 'and their brains weN 1_diately 

removed and snap frozen on powdered dry fce. In order ta define precisely the 

10ca11zatfon of somatostatin w1thfn the various regions of the brain. a 

microdissection procedure was used. Serial coronal sections, 300 ~ 1n 

th1ckness, were cut in a cryostat at -7C. Ind1vidual brain nucl~ar regions 

were removed from the frozen sections with hollow~ta1nless st@el needles 

un~r a stereomicroscope, accordfng ta the method of-Palkovits (1975). 
. " 

Oissections of the regions have been described elsewhere (Crowley et'al., 
-

1978), and details of the microdfssection are presented fn Table VII. For 

de te rmi nation of somatastat1n, tissue areas pünchéd fram the frozèn sections 

were expel1ed into 50 ~1 fce cold 1 N HCl and sonfcated for approximately 3 

sec with a Kontes Mfcro-U1trasonfe Cel1 Disruptor (Kontes'Co., V1neland. 

N.J.). Arter sonication, 12-~1 (arcuate and suprachiasmat1c nue1ei) or 5-~1 

, (a11 other nuçlear regions) aliquots of each sonfcate were removed for 

detenninatfon, of protein ,by the method of Lowry et al. (1951), using bovine 
~ 1 .. 

serum albumfn (Sigma Chemieal Co., St. Louis, MO) as the standard. The 

sonfcates ~ere then centrifuged in a Beckman Microfuge (~ous~on, TX) for 2 

mi n, and the supernatants were removed and stored at -90 C. Total 

hypophysectomy was confirmed by careful inspection of the sella t~rcica, 

fallure ta gain welght over the 2-week perfod, and measurement'of serum GH 

with materfals supplfed by th~ NIAMOO. ' 

130 

. , 

\ 

Î 
- 1 411 

1 



( ; 

, 
1 

" 

_. ~ ~~ A ••• ___ ~.. ___ ~ •• __ ... 

, Assay of somatostatin 

1,', ," The 'somatostati n content of tissue samples was' determi'ned using a highly 

specifie and sensitive antiserum to somatostatfn. as described elsewhere 
, ' . 

, 11 
(Rorstad et al.. 1~79aJb.). Synthetic cyc11c somatostat1 n and [Tyr J 

'\ ' 
, 

sQmatostatin were purehased from Bachem, Inc. (Torr~eJ CA). The purfty of 

each pêptfde was verfffed by hfgh pressure liquid chromatography (courtesy of 

Dr. O. Desiderio) and amine acfd ana1ysis (courtesy of Dr. A. Kang). ,. 

[Tyr11Jsomatostatf n wàs radiofodinated by a modtfication of the method of , , 

Greenwood et al. (1963) and stored in ~liquots at -90 C. To 25 ~1 0.5 M 
. -5) sodium phosphate buffer, pH 7.4, were added 50 ~1 5.78 x 10 M (10 ug 

11 . - -
[Tyr ]somatostati n in 0.002 M amnonium acetate buffer. pH 4.6 Two nGi 

, '-

Na125I (100 mCf/ml) were added, followed bY"25 III freshly prepared 6:59 x 
-4 . 

10 M ch10ramine-T (0.15 mg/ml) d1sso1ved in 0.05 M sod1~m phosphate 

buffer, pH 7.4. After a reactfon time of 40 sec at room temperature. ~ ~1 

1.3. x 10-~ M sodfum metabisu1ffte (0.25 mg/ml), dissolved in 0.05 N sodium 

phosphate buffer. pH 7.4. were added. This wa~ fo11owed, after an additional 

10 set, by 100 ~1 0.1 'percent (wt/vol) human serum a1bumfn (Cohn fraction Vj 
" 1 

Sigma Chemical Co., St. Louis, MO), disso1ved in 0.1 M sodium phosphate 
'. , 

buffer, pH 7.4. The ra di oiodi nate product was. purifi ed by fon exchange 

chromatography oh a eolumn (0.7 x 14 emf of carboxymethyl cellulose (CM-52; 

Whatman, Inc.,. Cl1fton, NJ) by a reviously descrfbed method (Arimura et al., 

1975; Epelbaum et aL, 1977a). 

T - 125 o compare the binding and displacement characteristics of I-1abeled 

[Tyr11Jsomatostatfn to 125I-labeled [Tyrl]~omatostatin, as used in 

preyious RIAs (Rorstad et al •• 1979bj Terry et al., 1981a). 
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[Tyr1]somatostati n was radioiodi nated by methods described elsewhere . 
(Rorstad et al., 1979b). 

, , 

Supernatants of the sonicates were neutralized wfth 1 N sodium hYdroxfde 

and~·O.l M sodfllll phosphate buffer fnned1ately before introduction fnto the 
-

Assay. Median eminence extracts were di'uted 1:15 in the Assay buffer, and 

the other regions were measured undHut:ed. Sample,s of 10 jL.l were assayed for 

somatostati n-l1ke inaunoreacthity- (Sll) f n tripl1cate. 

A1fquots of median eminenèe' ext~aèts were a150 ass~ed us1ng the 
25 ' 

1 I-1abe1ed [Tyr1]50matostatin and a 1:25,000 final dilution of sheep B 

anti somatostatin (Rorstad et al., 1979b). Indfvi dual saDlp1es fram the same 

nuc1ear region of hypophysectomized a'nd s~m-operated anima1s were ~asured 

for SL! fn the same RIA to eliminate between-assay variation. RIA was 

performed us~ing a 1:150,000 final dilution of sheep antisomatostatin (Sheep B) 
It-

with an a~say buffer of 0.1 M sodium phosphate, pH 7.2, which contained 0.01 M 

EDTA, 0.05 M NaCl, sodfum azide (0.1 percent wt/vo1), and human serum , . . 
a1bumi n. Standards and unknown sa~p1es ~re i.ncubated for .24 h at 4O-C 

before the addition of approximately 12,000 cpm 125I_1abel ed [Tyrll ]_' or 

125I-1abe1ed [Tyr1lsomatostatin in a final volume of '0.4 ml. The 're~ction 
mixture wu incubated an additiona1-24 h before the addition of a 1:400 final 

• 
dilution of nonjmwne sheep serum and an appropriate1y diluted portion of 

.;burro antfserum rafsed agafnst sheèp gammag10bu11n, a\ a dilution detenuined 

experimentally to yie1d an easi1y v1sual1zed pellet and a satisfactory 

preci pi tatton of ant1somatost~tin. After an add1 tional 18-24 h i ncubat10n at 

4 C, the tubes were centrifuged and the radioactivity fn'the pellet was 

detenuf ned. , 

, 
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. To a •• e'$ If p;ptida.e a.titi- ,.1i~in.ted .g. ~~tr .. tion. 

procedure, 100 pg of' 'synthetic " i sOIJI!ltôstatin waS added ~o supernatants 
, . i' .. 

of tissue sonicates and ass~d for somatostatin. In addftion, .adian 
.' ",,, Il 

eminence extracts were reasstyed for SLI 3~month$ after the initial 
" ' 

\ . 
déterminations because the conçentration, of SLI in 0.1 M Hel extracts has been 

shown ta décline wfth ~torage at -20 C over severa' weeks to months (Rorstad 
" . 

et al. 1979b). 

The values were pooled by,the treatment groups and means and, SEs were 

calculated. The mean concentration of SLI in each brain area was expressed as 

picograms of SU per ",g protei n + SE. 'Stati stical ana1ysis of the data was 
i -

performed by the unpaired Student's t-test. 

RESULTS 

.' The adequacy df hypopl'tysectomy was demonstrated by total ,fa11 ure of wei ght 

gain OYer the 2 .. week period. absence of r,ecognizable pftuitary ti ssue in the 
' ... 

pitufta~ fossa post ~or~, and disappearance of GH from the serum. 

Somatost'ati n RIA 

Sheep B,antisomatostatin bound 32.8 ~ 2.1 percent of 125I_labeled 

11 " 
[Tyr Jsollllltostatin at a fihal dilution of 1: 150,000. The label was stable 

uP. to 4 weeks when stored in al jquots at -90 C. The minimal detectable 

eoncentrat10n of the RIA, define~ as the concentration of somatostat1n that 

resu1ted in a binding of 125I-labeled [Tyrll]somatostatin' to anti serum, 

that was 2 SD below the' mean binding achieved in the absenCe of somatostatfn, 
-~-, 
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( 1 
waS 10.2 pg/tube (mean of .23 assaYs). The within-assay'coefficients of 

variation for samples that contained means of 78 and 242 pg/tube ~omatostatin 

were, respectively, 8.l« (12 det-er-minations) and 12.8%' (12 determinations). 

The between-assay coefficients of variation of samples that conta...ined means of 

(. 

( 

52, 106, and ,194 pg/tube were. 12.4%, 10.6%, and 11.8%, respectively (23 

assays). The somatostatin RIA did not exhibit any cross-reactivities with a 

wi de vari et y of hypotha l amie peptides examined up to 10 }!g/ml. li near 
~ 

regr..ession lines relating logit BIBQ and the natural logarithms of the mass 

'of ~ynthetic somatastatin per tube an~ serial dilutions of the Hel e*tract of 

the median'eminènce using the 125I-labeled [Tyrll]s'omatostatin were 

parallel (somatostatin: r = 0.992; Y = 1.05x + a.61; median eminence extract: 

r = 0.983; Y = -l.lx + 4.15),. indicating ;mmunolo~al similarity. The 

standard curve and displacement curVé of median eminence extracts using the 
, 

'125I-labefed [Tyrl]somatostatin were a1so shown ta be parallel, 

-
(samatostatin: r == -0.970; Y = 1.07x + 4.21; median eminence extract: r = . . 

-0;999; Y ~ 0.99x + 5.12), in agreement with studies described e1sewhere 

(Rorstad et al., 1977a,b). In addition, tlle standard curves for somatostati.n 

using 1l5I-lab~led [Ty~ll]_ or,[Tyrl]so~atostat;n were parallel. 
, . 

The recovery of syntheti.c cyclic .~omatostat;n fram supernataots of tissue 

ext,racts was 98~6 -percent .:!:.l.91 percent (n = 10), indicattng t~at peptidase , 

activity was e1iminated after tne extraction procedure. Moreover, there was 

no' change in SU in median eminenCe extracts reassayed 3 months after the 

initial determinations (sh~ operated controls: 462.8 ~ 80.4 vs. 447.0 ~ 57r4 

. P9/\19 protein; hypophysectomized: 272.6 + 52.6 vs. 278.8,: 53.2; n = 10, p > 

0.2) • -, 
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Effects of .hypophysectonr 
oP' 

The effect of hypophysect~ on SLI in selected hypothalam1~ and 

extrahypothalamic nuclear regions is shown i,n Table VIII. The content of SU 

in the median eminence of hypophysectomized animals was sign1ficantly lowered 

by 38 percent~ compared to sham-operated control s. A s1 gnff1 canto reduct10n of 

SLl i n the media 1 preopti c (50 percent), arcua te (33 percent), and

per1ventrfcular (30 percent) nucle1 W4S a1so observed in hypophYsectom1zed 
\,.----- ":) 

animals when compared to control rats. No significaryt changes were detected 

in the ven~romed1al. suprachiasmat1c, medial ~gda1oid, central ~gda1oid, 

or cortical a~gdalo1d nuclei nor.in, the nucleus fnterstitfal1s striae 

tenn1 nalf s. 

To confirm these findings, SLI was measured in median eminence extracts 

from hypophysectomi zed a'nd sham-Qperated animal s us1ng 125I-labe1ed 

(Tyr1]somatostat1 n, as descr1bed e~r1 ier '(Rorstad et al .• 1979b; Terry et 
, \ 

aL, 1980). The ~dia.n eminence concentr,ations of SLI did not differ 

s1gnificant1y (n .. '10, P > 0.1-) in the two RIAs comparing 125I_1abeled 

[Tyr1]_ to 125I-lab~led [Tyr11Jsomatostatin (hypophYsectomized: 243.2! 
, ' 

36'.6 vs. 272.6! 52.6 pg/Il~ prote1n, respect1vely; sham-Qpe~at&d: 471.6! 93.1 

VS.' 462.8 .:!:. 94.3 Ilg/pg protein, respectively). These data 1nd1cate that both 

RIAs measure the same a.oount of SLI in the same sample. It has been shown 

previous1y, us1ng ,125I-labe1ed [Tyr1]somatostati n and Sfleep B

ant1somatostatin. that SLI trom hypotha1amic and extra~potha1amic extracts 

has bio1ogieal activity (Rorstad et al. 1979b). Thus, these data suggest 

hypophysectomy results in a reduct10n in immunoreactive and bioact1ve 

somatostati n in- di screte diencephalic and telencephalic sites. 
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Table VII. Microdissection of b~a1n regions in hypophysectomized and sham-operkted control rats 

---~ ----

punches/brain 
Brain ,region 

,. 
Median eminence 3 

N. arcuatus 6 

N. periventricularis 4 

N.- preopticus mediali~ 2 

N. ventrome~1a11s 4 

N.. suprachiasmaticus 4 
N. interstitialis striae termtnalis 4 

N. amygdalôideus media11s 4 

N. amygdaloideus centralis 4 

N. amygdaloideus corticalis 4 

N. NucleUSr.· 

Cannula size 
(DIlI), 

0.5 

0.3 

0.5 

- 0.75 

0.5 

0.3 
0.5 

O.S 

0.5 

0,5 

a ~ p 

See Uacolf>Jiitz and Palkovits ,1974,; 

1 

Palkovits and Jaoobowitz,1974) 

, 
" 

t 
~. 

__ f __ 

'" 

Approximate 
Coordinates (pm)a 

A4620-A41l0 

A.4620-A4110 

A6360-A6060 

A6860 

A4620 

A6360-A6660 
A6860 

A4620-A4380 

A4620-A43~ 

A4620-A4J80 
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Table VIII. Effec~s of hypophysectomy on SLI 1n se1ected hypotha1amic and extrahypothalamic 
nuelei af the male rat 

, 
• y 

1 , 

Brain reglan 

Median o{em1.nence 

N •. arcuatus 

N. periventricularis 

N~ preapticus medialis 

~. ventromedialis 

N. suprachlasmat1cus 

" 

), 

N. interstitialis striae terminalis 

~. amygda10ideus medial1s 

N. amygdaloideus cèntralis 

·H. amygdaloideus cortical1s 

Nt ... Nucleus. 

, a 
SLI (pg/~g p~otein ± SE) 

Hypaphysectomized Sh~aperated con~ro1' 

, 

278.8 + 53.2b 
447.0 i 57.4 

60.2 + 8.~c 89.8 ± 13.3 

19.4 + 1.S
d 27.8 ±. 3.1 

10.2 + 1.6d 20.0 + 3.0 

18.2 +. 2.2 '" 20.5 ± 3.3 

19.4 + 2.2 ~ 7'-_ .~ '2(}.-.~ .+: 3.0 
20.2 + 2.4 ' 19.6 ± 1.9 

20.Q + 2.6 16.8 + 1.5 

16.5 + 1.2 13.9 + ' 0.9 . , 
or . 

" 
17.2'+ 1.9- 15.6.± 2.3 

~ 

1 

.. 

-' 

" 

1 ~a:ns and stand'ard errors ~f 10, and 11 separate ~eterminations far hypophysectomized and sbam-opérated 
control animaIs t respect!vely. . 

" 1 • b 
f P < 0.01 vs. sliam operated. o 

1 

1 Cp < 0.05 vs. sham operated. 
J 

1 dL . 
1 -p < 0.025 vs. sha~ operated. .> 

l' 
Il 
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DISCUSSION 

, The present stu<lY i nd1cates that hYAOPhysectomy resul ts 1 n a ·si gnl ficant , . , 
" 

1 • 

decrease 1n the somatostat1n ~ontent of four discrete r,eg10ns of the rat 
-

brain. The regions affected wt!re the median eminence, arcuat@, hypothalaniic 

periventrfcular, and medial preoptic nuclei., Thus;, removal of the ~~rget, 

gl and, the pituitary, results fn a decrease in the concentration of the 

i nhibftory honnone' for GH secretion. S1ml1ar1y, 'Wakabayashi et' al. (1976). 

Fernandez-Ourango e't al. (1'978), and Kanatsuka et al '(1979) al 50 reported 

decreased ti s'sue leve1s of radi01l1111unoassayable somatostati n in hypothalamic 

fragments after ~pophysect~, and Baker and Yen (1976) observed dep1etion of 

somatostatin. as measured immunocytochemically. in the median eminenee after 
• 

hypophysectomy. In eontrast, Berelowi-tz et al. (1978) OQser~ed a dep1etion of 

illlllUnoreactfve somatostati n in the septum and preoptic area of the brain, but 

not in the hypothalamus, after hypophysectocqy, and .Epe1baum et al. (1977b) 
~ -

found no effect of hypophy~ectOfqy on somatostati n content in the œdi ~basa 1 

hypothalamus, preoptic area, amygdal a, or cortex. It 1$ possible that these 

di screpancies may be due' to di fferences in the ti ssue dissection. l 

Reduction of hYl?otha1amic somatostatin content after ~pophysectomy could 

be the resu1t of either decreased synthesfs, fncreased,release, a greater .~ate 

of secretion than synthesfs, increased degradati,on, or degeneration and repair 

. of the median emfnElnce-pituitary stalk (Rahman, 1973). It fs unknown at ~. 

present whi,ch of these conditions resul ts in the posthypop.hysec;omy 4~crease 

in hypotha1amic somatostatin observed in the present and in previous,-" - , 

(Kanatsuka et al., 19~9; Wakabayashi et al. 1976; Fernandez-Du~ngô et al •• 
.... ' 
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1978) studies. Ht;)Wever. it 15 unl1kely that thes~ changes are due to 

nonspecif1c effects. In addition to sOIAatostatin, LHRH (Fernandez-Du'rango et 

al., 1978; Baker and Dennody, 1.976) and TRH (Bass1r1 and Utfger, 1974) are . • 

al 50 dep1eted by hypophy~ectOlqy, but there $eent to be differences among these 

.honoones in thefr pattern cf change after surgery. For eXaAlP1e, 'somato$tatin 
- , 

was observed to progressively 'decrease up to 2.5 months after ~popnysec~, 

whereas LHRH di d not decrease further after the 24th postoperati ve day 
, . 

(Fernandez-Dur~ngo et al •• '1978). Moreover, al.though hypotha1am1c LHR~ 

decreased after hypophysecto~, the LHRH in the organwn vasculosUII of th.e 

lamina tennina1is increased in female rats (Wenger et al., 1978). 

Fu rtltennore, TRH was found to decrease 2 weeks posthypophysectOlqy but was 

partially réstored after 4 weeks (Bassjr1 and Utfger, 1974). Therefore, ft 

seems that hypophysectomy has separate effects on somatostati n, lHRH, and tRH 

system~. 

It is possible that hypophysecto~ 1nterrupts a short loop ~nhfb1tor.y 

'h feedback mechanism i nvol vi ng an 1 nt~raction ,of GH wi th somatostatinerg1c 

system,. Us1ng illlllUnocytoéhemical'techn1ques, '.Hoffman and Baker (977) . 
" , 

~ , 
observed that GH treatment prevente" the 'depletion. of ~omatostatin in the. 

,G '. .'. • 

median emi "ence 1 f therapy was f ni~iatè~ flJllled1 ateJy' lifter hypophy~ectOIl\Y and 

part1ally restored somatostatin when treatment began after a prol~nged 

postope~ative interval. Similat results were obta~ned w1th RIA measurements . , . 
(Kanatsuka et al., 1979). The question ,0'1 whether removal of other p1tuftary 

honnones may a1so affect brain somatostatin remains unanswered. .Although 
.f, . 

somatostatin has been impHcate~ in,the, p~ysiological regulation of TSH 
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" secretiôn (Martin, 1976; Martin et al., 1978a), neither thyrQ1dect~y nor T4 

treatment modify the hy~othalamic content of somatostatin" LHRH, or TRH 

(Fernandez-Durango et al., 1978; Berelowitz et al., 1978). 

Brownstein et al. (1975) have described the regiona1 10ca1ization of 

somatostatin in severa1 hypot~·alamic and extrahypothalamic sites of ttre rat 

brain, using the biochemical mapping approach. Immunocytochemicl studies 

(Elde et al., 1978; Elde and Hokfelt, 1978) have demonstrated 
-

somatostatin-postive cell bodies in sever~l telencephaHc and diencephalic 

nuclei, including the caudal periventrlcular hypothalami~ and corticomedia1 

amygdaloid -nuclei (Brownstein et al., -1975; Elde et al., 1978). Evidence from 

this laboratory indicates that these two somatostatin cell groups project 

axons to the median eminence (Crowley and Terry, 1980a). In addition, the 

O. periventricular system also seems ta innervate the m~dial preoptic, rostral 

periventricular, and arcuate nuclei, all of which showed changes in 

, 

. 
somatostatin content after hypophysectomy in the present study. Taken 

together, these findings raise the possib11ity that GH exerts an inhibitory 

feedback action on its own secretion by affecting somatost,atin cell bodies in 

p hypothalamus (and possibly the amygda1a) that innervate the 

d medi al basal hypotha'i amus. 
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III. B. 3. THE EFFECTS OF EXERCISE STRESS ON SOMATOSTATIN CONCENTRATIONS IN 

DI~TE BRA,IN NUCLEI* 

ABSTRACT 

Plasma growth hormone levels fall and remain low for several hours after 

stress in the rat. This effect is partially reversed by administration of 

antiserum to somatostatin. The present study was undertaken to determine the 

role of central nervous system somatostatin in stress-induced growth hormone 

suppression. Adult male'rats were forced to swim for 30 minutes in a tank 

fi11ed with water at 37°C. They were sacrificed immediately afterwards by 

decapitation. Their brains were snap-frozen and serum was collected for 

growth hormone radioimmunoassay. Somatostatin was measured in 10 

mi'crodissected, individual brain nuc1ei by a specifie and sensitive 

( r radioimmunoassay. Serum growth hormone was signifieantly lower in stressed 

rats eompared to "nonstressed" controls. SwiR1Tling stress resulted il:) a 

signifieant reduction of somatos.tatin in the me~ian eminence and medial 

o 

portion of the eaudate nucleus. There were no significant changes of 

somatostatin levels in the periventricular, arcûate, ventromedia1, medial 

preoptie, supraehiasmatic, accumbens, central amygdaloid or interstitia1 stria 

terminalis nuclear regions. These results suggest (1) stress-induced 

suppression of growth hormone secretion in the rat is mediated by the release 

of somatostatin from nerve endings in the median eminence into the portal 

system to inhibit pituitary release and, (2) somatostatin-containing nerve -

f1bers which innervate the caudate nucleus may influen.ce extrapyramidal 

mechanlsms assoclated wlth prol~ physical stress. 

~ 
*Terry and Crawley, 1980b. 

141 

, . 

! 

1 
! 
" 1 
1 

.\ 



r 
'1 

1 
! 
1 

.. 

, 
INTRODUCTION 

Acute or chronic exposure to stressful stimuli consistently suppresses . 
growth hormone (GH) secretion in the rat, as demonstrated by a reduction in 

mean plasma GH leve1s with abolition of the u1tradian rhythm (Tache et al" 

1978; Terry et al., 1976b, 1977d). These effects appear to invo1ve the 

hypothalamus, rather than the pituitary gland direct1y, and may be mediated 

through a1tered re1ease of the hypotha1amic hormones that regulate pituitary 

GH secretion (Campbell et a1., 1977; Taché et al., 1976b, 1977d). Thus, 

stress-induced GH suppression may be due to the diminished re1ease of 

GH-re1easing hormone, the structure of which i~ sti1~ unknown, or to the 

augmented rele-ase of the structurally identified tetradecapeptide GH-release 

inhibiting hormone (somatostatin). In order to test this latter hypothesis, 

the present experiment has investfgated the effect of an acute stress on 

somatostatin-like immunoreactivity (SLI) in- individua1 nuclei microdissected 

from hypotha1~ic and extrahypotha1amic reg~ons known to contain 

somatostatin-positive nerve terminals and70r cell bodies (Brownstein et al., 

1975; Elde et al.-, 1978). 

METHOOS 

Male Sprague-Oawley rats (Harlan Ind~ès, Indianapolis, Ind.) were 

housed in groups of 4, maintained under constant temperature (24°C) ôn a 

14-10 h 1ight-dark cycle with 1ights on at 0600 h, and ad libitum food and 

water. An i ma 1 s were removed from thei r cages at 1000 h, pl aced in a 1 arge 
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) water bath at 37°C and forced to swim for 30 min as previously described 
, 

(Terry et al~, 1976). The control group was left undisturbed in a separate 

room. After 30 min of forced swimming, stresséd and control animals were 

sacrificed alternately by decapitation and their brains were rapidly removed 

and frozen w~th powdered dry ice. Samplès of trunk blood were centrifuged and 

stored at -20oe for the subsequent measureme.nt of serum GH with materi al s 

supplied by the NIAMOO. Serial coron al sections, 300 ~l thick, were cut on a 

microtome cryostat at _7°C and frozen onto microscope sliqes. Individual 

brain nucle; were removed with stainless steel cannulae (Crowley et al., 

1978). Table IX p~ovides further details of the microdissection procedure. 

Tissue specimens were expel1ed iota 50 pl of lce cold l N Hel and sonicated 

for approximately 3 sec. Aliquots of 5-10 ~l were removed for ana1ysis of 

protein content, and the re~aining homogenate was stored at -90oC until the 

somatostatin content of tissue samples was determined by a sensitive and 
7 

specifie radioirrmunoassay (RIA), as described elsewhere (Rorstad et al., 1979; 

Terry et al., 1980). Synt~~tic cyclie somatostatin and'Tyr11-somatostatin 

were purchased from Sachem, lnc. (Torrance, Calif.), and the puri'ty of'each 

was verified by high pressure liquid chromatography and amino acid ana1ysis; 

Tyrll-somatostatin was rad;o;odi~ated by a,modification (Rorstad et al., 

1979b; Terry et a1.,·1980a) of the metrrod of Greenwood et al. (1963) and 

purified by ~ proced~~ described elsewhere (Arimur~ et al., 1975; Epe1baum et 

al.,1977). Sheep B antisomatostatin (Rorstad et aL, 1979b; Terry et aL, 
] 

1980a) bound 32.8 ~ 2.1 percent of 125r-1abe1ed Tyr11-somatostatin at a 

fi nal cfil ution of 1: 150,000, with a mi nimal detectab le concentr,at ion ,of 10.2 

pg/tube. $upernatants of"the homogenates were neutralized with 1 M NaOH and 
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~ . 
0.1 M sodium phosphate. Median eminence extracts were d11uted 1:15 in the 

\. 

assay buffer, and the other ragions were measured undl1uted. 

were assayed for SLI in trip1icate. 

RESULTS 

Table X presents somatostatin concentrations fn 12 brain nuélei fram 

non-stressed and stressed anima1s. These data were analyzed by unpafred , 

Student's t-tests. Swtmming stress s1gnifieant1y decreased the leyels of SLI 

f n the median emi nence ( .. 47 percent) and "the medi al porti on of the c.audate 

n~~leus (-17 percent). No signfffcant changes in somatostatin concentratfon . Cr D were noted in the other œl.eneephalic, dfencephalie -or meseneepha1 fe 

! 
\ 

structures d1sseeted. Serum GH was sign1f1eant1y (P < 0.001) lower in 

stressed anima1s compared to' non~stresse~ control 5 1(6.4 +' 1.0 vs. 49.5 +-12.5 
1 -

ng/ml, respective1}). ,/ 
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Table IX. Hicrodisse~ion of discrete brain regions 

No. punchesl Cannula siZè Approximate 
Brain region brain (1l1li1) Coordinates (~m)* 

N. caudatus (medial part) 2 0.75 A8920 

N. accumbehs '4 0.5 A8930 1 
·1 
1 

N. interstitialis striae terminalis -4 0.50 A6I60 

N. preopticus medialis 2 0.75 A6860 
fi 

N. periventricularis 4 0.5 A6670, A6360 
..... 
s:- N. suprachiasmâticus 4 0.30 A6360, A6060 VI 

Median emiIience 3 0.50 A4620. At3~ 
N. arcuatus 6 0.50 A4620, A4380 

JI' 
N. ventromedl~lis 4 0.50 A4620 

N. amygdàloldeus centralls 4 0.50 A4620, A4380 

N. interpeduncularis 2 0.75 AlBOO, A1400 

~eriaqueductal gray 
1 

4 0.50 AlBOO, -h400 

, . 
l 

*Based on(Jacobowitz and Palkovits.1974; Palkovlts and Jacobowltz,1974} 
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Table X. Effects of stressJon somatostatin-1ike immunoreactivity (SLI) in selected brain nue1ei in 
male rats 

Brain region 
~ 

N. ca~'tus (media1 pa~t) 

N. aceumbens 

N. interstitia1is ,striae termina1is 

H. preopticus media1is 

N. periventr1eularis ' 

N. suprachiasmaticUs 

Median em:Lnence 

N., arcuatus 

N. ventromedia1is 

N. amygda10ideus centra1is 

N. interpeduncularis 

Periaqueductal gray 

SLI (pg/pg protein { S.E.K.) 

Control (n - 13) 

11.6 + 0.9 

24.8 + 1.9 

31.8 + 2.4 

11.9 + 1.7 

56.8 + 2.8 

24.2 + 2.6 
. 

679.1 .:t 96.2 

67.5 + 7.3 -
17.2 + 1.5 

20.1 + 3.2 

4.2 + 0.5 
, 

13.6 + 1.3 

* P < 0.05; ** P < 0.001 vs sham, based on unpa1red Student's t-tests. 

r 

,,~ 

--
'-

Stress (n • 12)' 

9.6 + 0.5*, 
• 1 

22.A ± 2.9 

31.-9 ± 3.1 

10.1 + 1.6 

'53.5 + 5.5 

20.5 + 2.,2 - ' , 
362.4 +32.6** 

56.9 + 4.8 
14.4 + 1.6 

14.6 ± 1.6 
4.1 .:t 0.5 

13.1 ± 1.5 

;",,'. " 

1 
, 1 

! 
, 1 
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1 
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DISCUSSION 

The present study indf.cates that acute phys1ca1 stress in the rat results 

in a mark.ed depletion of somatostatin in the median eminence. concol'jlitant with 

suppression of.mean serum GH. These results suggest that stress-fnduced GH 
. . 

suppressfon may be due ta augmented release of somatostatfn from the median 

emfnence. Several recent reports provide compel1fng evidence in favor of this :) 

hy?othes1s. F1rst. treatment wfth ant1serum' to somatostatin prevents 

stress-induced inhibition of GH secretion fn the rat (Arimura et al., 1976; 

Terry et al., 1976b). suggesting that this,effect 1s due to cfrcu1ating 

somatostatfn. Second. recent evidence from thfs laboratory indicates that the 

somatostatfn-posftfve cell bodies that are loca1fzed to the anterfor 

hypothalam1c periventricular reg10n (Elde et aL, 1978) appear to be the 

source of at 1east two-thfrds of the somatostatin present in the median 

emfnence (Crawley and Terry, 1980, 1981a). Destruction of thfs area. or 
, 

deafferentation of the medial-basal hypothalamus, greatly decrease median 

emfnence somatostatfn content (Brownstein e~ al., 1977; Epe1baum et al .• 

1977b) and a1so abolfsh the .stress-fnduced suppression'of GH re1ease (Collu et 

al., 1973; Mitchell et al ~, 1973; Mitchell et al., 1973; Rice et al., 19.78), 

Therefore, the decrease of somatostati n fn the medi an emi nence observed after 

stress could be ~~sult of increased release of the pe~tfde from this 

perfYentricU~Syste~nto the adenohypophyseal portal b10od. This 1n turn 

would 1nhibit pituitary ~tion. Although incréased somatostatin release 
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from the median eMi"en~e appears to be the most likely exp1anation for the 

Mduced' tissue 1 eve 15 ~ obsérved in the pre~ent stuqy. i.ncreased degradat10n or 
o 

'. decreased synthesfs of the ,hormone cannot be ruled out. 

It 15 1ntere'sting to note that a 5I1a11, but si-gnific.ant. reduct1~n of 

somatostat1n occurred in the medial aspect of the caudate nuèleus after 

stress. This region contains s'omatostatin-positive nerve fibers (E1de et al:, 

1978), but the functiona1 signfffcànce of thfs system fs not c1ear. The 

present .fi nd1 ngs raise the possfbl1 f ty that s-omatostatf n-contai nf ng nerve . ' 

fibers that innervate the caudate nu~leus (Elde et ,al., 1978) may inf1uence/ 

extrapyramidal mechanfsms assocfated with pro1o'nged- phystca1 stress. 

.. 
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4. CONCLUSIONS 

.,.. ... The present data indicate that somatostatin-conta1ning perikarya in the 

caudal hYpothalam1c periventr1cular and cort1comed1al ~g~alar nucle1 project 
1 

axons to the med1an em1nen~e. These two projections contrfbute 98.percent of 

hYpotha1amic somatostat1n. 'The perfventricular cells a1so project axons to 

the arcuate. med1al preoptic, and rostral perfventr1cular nuçlei. 

Hypophysectomy caused a s1gnif1cant reduction of so~tostatin in the 

termina~ projection areas of the periventricul~r somatostatinergic system, but 

did not lower somatostatin fn the cortifomedial amygdala. Swimming stress 

reduced median eminence somatostatin. suggesting increased release. 

Thus, ft is possible that the periventricular and ~gdalar 

somatostati nergic systems function to regulate growth hormone secretion 

th~ugh their projections ta the median eminence and by inne~vat10n of neurons 

at sites known to influence growth hormone release, i.e. arcuate nucleus. 

Because the arcuate nucleus has a high somatostatin concentration and 

stimulation of the ventromed1al~arcuate comp1ex causes growth hormone release, 

~tion was focused on a method to select1vely les10n arcuate perikarya. 

Monosodfum glutamate is known to rapid1y destroy neurons in the arcuate and 

'was employed as a "selective neurotoxin" to stuQy the role of' this nucleus in 

regulation of growth hormone secretion (section 111,C). 
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II I. C. EFFECTS OF THE. NEUROTOXIN MONOSODIUM GLUTAMATE ON GROWTH HORMONE 

SECRETION AND BRAIN SOMATOSTATIN . 

'1. 'MONOSODIUM GLUTAMATE: ACUTE AND CHRONIC EFFECTS ON RHYTtt4IC GROWTH , , 
, 

HORMONE AND PROLACTtN SECRETION, AND SOMATOSTATIN IN THE UNDISTURBED MALE 

* RAT 

., 

" 
ABSTRACT 

The present investigation was designed to detenline the chron1c effects of 

neonatal monosod1um glutamate (MSG) administration (4 g/kg s.e.) and the acute 

effects of MSt? Cl g/kg i..p.) on episodic growth homone (GM) and prolactin 

(PRL) secretion and brain somatostatin (SRIF) in unanesthetize~, chronically 

cannulated male rats. 

Adult rats showed the ~p1cal phYs1cal characteristics that result from 

neona~al MSG administration. Analysis of episod1c'GH secretion showed a . 
sfgnfficant reduction fn: ,(1) the amplitude of GH secretory pea~s; and (2) the 

mean 5.5-h plasma level of GH. Bursts of plasma PRL were inhib1ted by MSG, 

but the mean 5.5.-h plasma levels were not affected. SRIF concentrations in 

the medial basal ~pothalamus were reduced by 60 perc,nt after neonatal MSG. 

Acute administration of MSG to adult rats caused an imnedfaté, long-lasting_ 

suppression 'of rhyttrn1c GH secretfo'n and a rapfd, transfent release of PRL. 

These results suggest: (1) neonata11y adm1n1stered MSG causes a marked 

dfsturbance in episD~ic GH and PRL secretion fn adult rat; (2) MSG induces a 

*Terry et al •• 1981a. , 
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decrease in hypotha1amic SRIF and possibly GH-rel~asing factor;' and (3) the 

-t acute effects' of MSG on GH' and PRL may be due to the inhibition and/or 

excitation of a complex neurqnai network involving monoaminergic and 
1 ; 

~pept;dergic systems. \ 

1 NTRODuclftlN 

'Large doses of monosodium glutamate (MSG) admin;stered neonatally cause a .. 
wel1-described syndrome in adu1t,rats manifested by behaviora1 disturbances, 

taï1 automutilation, and'neuroendocrine deficiencies characterized by stunted 

growth, obesity, hypothyroidism, hypogonadism and pitui,t~ry atrophy (Bakke et 

aL, 1978; Cameron et a1., >1976; Holzwarth-McBride et al., 1976; Lamperti et 

(} al., 1980; Millard et al., 1980; Nasagawa et a1., 1974; Nemeroff et a1., 

1977a,b, 1978; Olney, 1969; Pizzi et al., 1977; Redding et al., 1976; Schubert 

et al., 19a~; Terry et al., 1977c). The pituitary content and plasma leve1s 

of growth hormone (GH) are decreased af~ neonatal MSG administration (Bakke 

( 1 
'. 

et al., 1978; Nasagawa et al., 1974; Nemeroff et al., 1977a,b; Redding et al., 

1976; Terry et al. 1977c). The pro1actin (PRL) response is less clear and 

there may be a difference between sexes. It;5 we11 e~tab1ished that MSG, 

administered either ora11y or subcutaneously, rapid1y destroys neurons in the 

arcuate nucleus, circumventricular regions, and 1nner retina'in a number of 

species (Olney, 1969a,b; Olney ét al., 1976). Biochemica1 and 

inmunohistochemical studies indicate that the neurotoxicity of, neonatally 

administered MSG is associated with uestruction of dopaminergic, éholinergic 

and probably GABAergic systems ln the tuberoinfundibul'ar tracts which 
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. or1gfnate in the regfon of the arcuate nuc1.eu~ (Clemeris' et.al., 1978; 
1 

lio 1 zworth-McBrf de et al., 1976; Lamperti et al., 1980; Nemeroff et aL, 

1977a,b; Walaas and Fonnum, 1978). Si nce the tuber1 nfund1 bular tract contai ns 

peptfdergic and several neurotransmitter elements (Hokfelt et al., 1978), 

destruction of these pathways may be the neùrochemfcal basis for the 

neuroendocrine abnormalities that occur in adult rats after neonatal MSG 

treatment. 

Monosodiunr glutamate a<binistered to adult rats doe$ not i~duce ne~,rotoxic 
. \ 

lesions in the brain, but ft does alter the secretion of anterior pituitary 

hormones (Hemèroff et al., 1978). Intraventricu1ar tnjections of MSG 

increased plasma luteinizfng honnone levels fn .anesthetized male rats, (Ondo et . , . 

al., 1976). Acute treatlRent of adult rats with low doses of MSG wa~ reported 

to cau~e a significant increase fnlH and testosterone (.Qlney et a.:l., 1976). 

The purposeof the present investigation was to determine: (1) the chronic 

effects of neonatal MSG aaninistration;· and (2) the acute,effects of MSG on 

rhythmic GH and PRl secretion. and brain level s of somatostati n (SRIF) in , 

undfsturbed, chronically cannulated adult male rats. 

MATERIALS AND METHODS 

Ani ma 1 sand experimenta 1 procedure' 

To stu~ the chr:onfc effe~ts of MSG on pul,satile GH and PRI. r,elease, 

pregnant èhar1es River Sprague-Oawley rats were housed i.n àir-conditioned 

quarters on a 12:1.2 h hight:dark scnedule with.lights on at 06:00 h and gfven 
. 

laboratory chow and water ad libitum. Female .and some mal~ pups were relQOved' 
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and sacrifie'ed 'illllled1ately after birth 50 lthàt eaeh l ft'ter eontafne~ 6, !Dales. 

On alternate days for the f1rs-t 10 days of 1 He t the' offsprf ng were i.njected 0 

w1th e1ther 5 doses of monosod1um glutamate'(4 g/kg bodY wefght s.c.) (Sfgma 

Chem1cals, St. louis .. Mo.) or an equal yollllle of veh1cle (0.9 percent NaCl. pH 

7.4), accordfng to methods descr""ibed previously (Nellleroff et aL. 1977). All, 
s 

anfmals were weaned after 21-22 days. of age and placed in' groups of 21cage. 

Body weight. nasal-anal length, and the Lee index (3 body weight/nasa1-anal 

length) (Lee. -1929) were recorded period1cal1y. One group of MSG-treated and 

control anfmals, 4 months of age. were implanted with chronic indwelling 
\ 

silastic cannulae p1aced in the right atrium via the right external jugular 

'vei n and adapted to isolation test chambers, usi n9 methods descrfbed elsewhere 

(TannenbaUDI and Martin. 1976; Terry et aL, 1977d). After recovery of 
, 

"1 
preoperative bodY weight '(usual1y 2 weeks post-operatively) blood samp1ès were 

withdrawn every 15 min and. innediately centrifuged, the plasma frozen unti1 

àssay, and red b 1 oad ce 11 $ resuspended in normal sa lf ne were retuhed to 

anfmals at the tfllle of the I1é:Xt sample. Eaeh r~t was sampled for 5.5. h 

beginn1ng at 10:00 h. A second group of 110-d~-01d ~ and vehiele-fnjected 

rats were saerfffced by decapitation, and samples of the media1 ,basal 

hypothalamus, medfal preopti~ area, cortieomedial and basolateral a~gdala, 

and cortex w~re dfssected. as descrfbed previously (Epelbaum et al., 1977bi 

Rorstad et aL, 1979b; Schubert et aL, 1980). After deter'lllf nation of wet 
! 

weight, brain fragments ·were placed in 1 ml ice-cold 2 M acetic aei& (tissue 

w/v, < 0.1). The fragments were homogeni%ed uSfng a glass Potter-Elvehjem 

homogenizer. The homogenate was frozen at -20oe overnfght and, after 

thawing at room tem~r.ature, was. centrffuged at 2000 X 9 a 4°C for 30 mfn. . , . 
. 
1. '\ 
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The supernatant WIlS collected and stored at -20°C. The pftu-itary gland was 
\ ....., 

sfmultaneously removed, wefghed, ho.ogenized fn 2 ml of 0.1 M phosphosaline-l 

percent bovine serum albUllfn buffer pH 7.6, and centrifuged at 2000 X 9 for. 30 

mi n. The supernatant was di 1 uted 1: 100 f n the RIA buffer and .frozen untl1 .. 
sUbsequent assay for GH and PRL. Representative an1mals frOIII each group were 

anesthetfzed wi th ether and perfused wf th 10 percent fonna li n. Sra f ns were 

removed and processed for conventional lfght microscopy. as described 

el sewheré ( Terry and Marti n. 1978a).t -
In a second ex.periment, designed to detemine the acute effects of MSG on 

epfsodic GH and PRL secretion. nojl male rats (400-500 g) with chronic 

indwellf'ng.cannulaë were achinister d MSG. 1 g/kg f.p.fr an equal voluE of 

vehicle (0.9 percent NaCl, pH 7.4) at lO.50 h. Ind1vidua1 rats were usually 

used as their own control. receiving vehicle injections on one experfmental 

day and MSG on a subsequent da.y. Each animal was sampled for 5.5 h beg1nn1ng 

at 10.00 h. 

~adf oflllllUnoassay for sornatostatf n 

Somatostat1n was detenn1ned by methods descr1bed prev10usly (Rorstad et 

al.. 1979b). Resul ts are expressed as sOIII4tostati n-l1ke 1_unoreact1vity 

(SU) i n pg/mg tissue. 

GH and PRL radiofmmunoassils 

Growth hormon, and PRL were detem1ned in duplicate by a double antiboclY 

RIA usfng ntater1als supp11ed by the National Pftu1tary Agency. Values are 

expresse<! 1 n tenlS of the respective NIAMDO reference preparati on. Mf nilftulD 
• q ~, 

sensi tfv1tfes of the asSlYs are 3.2 ng/ml of GH and 1.9 09/111 for PRL. 
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Analysis of data 

Data was analyzed usfng the student' s t-tes't ta compare dffferences in GH, 

PRL and SRIF levels or growth parameters between treatment groups. 

Differences were cons1dered signfficaht at the P < 0.05 level. , 

RESULTS 

Chronfc effects of MSG on growth (Table XI 

Anfmals. treated neonatally with MSG showed stunted linear growth, obesi~ 

and tail automutilation, as described in previous studies (Bakke et al., 1978; 

Cameron et al., 197~ Ho1zworth-McBride et erti et al., 1980; 
~ 

Mi11ard et al.» 1980: Nasagawa e,t al •• 1974; Nemeroff et al., 1917a,b; Olney, 

1969; Pizzi et al., 1977; Redding et al., 1976; 

et aL» 1977c). The body wei ght and nasa 1-ana 1 

MSG-treated rats was reduced significantly when ared to the control 
~ -

group. The Lee i'ridex. a measure of bo<lY fat' (B nadakis and Patterson, 1968; 

Lee, 1929). was elevated in the MSG-treatecl group compared to controls. Tail 

automutilation was observed in 67 percent of MSG-treated rats at 24 days of 
L -

age, and in virtually 100 percent at 110 days of age. A few animals afflicted 

with open skin lesions were removed fram the study. Food and water 

consumption were no~, recorded; previous stud1es have shown no significant 

dffference between MSG- or salfne-fnjected male"or fema1e rats (Nèmeroff et 

al., 1977a.b; Redding et al., 1976). 

" 

J 
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Chronfc effects of MSG on p1tuita-ry GH and PRl (Table XII) 

The size and wight of the' pitu1tàr.y glands of MSG-treated rats were 

reduced by approximately 62 percent (P < O.~l). There was a marked decrease 

in total GH content and concentration in p1tuitlries f!,CIII MSG-treated 

animal s: Total conte2t of PRl was markedly reduced by MSG. However. the 

pitu1tary concentratr~n of PRl was not decrelsed s1gnfficantly~ 

Chronic effects of MSG on brain SRIF (Fig. 25) 

The concentration of SRIF was reduced by 60 percent in the medial-basal 

hypothalamus. Although there was a slight decrease in SRIF in the basolateral 

~gdala, it was not sign1f1cant. 

Somatostati n level s in the medial preoptic area, corticomedial amygdala 

and cortex were not affected by MSG • 

. Chronic effects of MSG on rhythmfc GH and PRl release 

Individual control animals (n = 9) exhfbited the typical ultradian GH 

rhythm (Fig. 26). Two major episodes of GH secretion were evident during the 

5.5-samp li ng peri od .. wi th most peak values grea ter than 400 ng/ml and trough 
Î 

, val ues less than 6 ng/ml. Promi nent GH secretory bursts were consi$tently 

observed at lfr:30-l1:30 and 13:30-14:30 h. Individual MSG-treated animals had 

markedly suppressed pulse amplitudes (usual1y < 100 ng/ml) of short duratfon 

(usua11y < 1 hl (Fig. 27). Mean plasma GH levels of animals administered MSG 

were reduced to baseline trough values except for 2 low amplitude peaks that 

occurred at 10:30 and 14: 15 h (Fig. 28). - The meln 5.s:..h plasma GH level was 

reduced significantly by neonatal acninfstration of MSG (Table XIII). 
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Mean PRL 1 eve 1 s f n control rats were genera lly low throughout wf th 2-4 

random bursts that occurréd most frequently fn the afternoon (Fig. 29). as 

described elsewnere (Terry et al •• 1977.d). lIeonata1 lcninfstration' of MSS 

. suppresse<l random PRl bursts, but did not affect baseline 1evelS (Fig. 29). 

The mean 5.5-h PRL was not affected sfgniffcantly by MSG (Table XIII). 

ACU):s effects of MSG 00 epj sodi e GH and PRL secretf on ' 

The injectfon. of vehicle at 10:50 h dfd not affect pulsatile GH secretion 

(Fig.'30). Acute adminfitratfon of MSG (1 g/kg i.p.) ta normal rats caused 

fJllllediate suppression of episodfc GM re1ease which persisted up to 5h (Fig. 

31). The mean 5.5-h GH-i.evel of MSG-adninfstered rats was 44.4.!. 4.4 ng/ml Cn 

= 11), significantly 1ess (P < 0.001) than saline-injected anf~, 126.9 + 

12.4 (n = 11). 

The injection of MSG ta normal anima1s caused a rapid. transient release 

of PRL when compared ta the slight effeet of normal saline injections (Fig. 

32). Prolactin 1eve1s rose signiffeant1y (P < 0.01, n • 11) ta 114.0.!. 24.0 

ng/ml within 15 min after MSG adninfstration and then decreased rapidly ta 

baseline 1evels. MSG did not affect the random bursts of PRl obser~ the 

afternoon. The mfnor e1evation in PRL after'saline injections was probab1y 

the resu1t of a non-specifie st~ess effect. 

Histologfca1 veriffcation of MSG-induced brain lesions 

Examfnatfon of Nfss1-stained hypothalamie sections from rats treated 

neonatally with MSG revealed a strfking reduetion in the n\Jmber of arcuate 

neurons. No evidence of nerve eell destruction was observed in the 
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ventrogedJal. medial preopt1c. anterior ~pothalaaric or suprach1aSMItic J 

nuclef. The optiè nerv~s and ch1aSIU ~ere 5111'11 er than co~tro1s. There was 

no hfstolog1cal ev1dence of neurona1 destruction in adult rats treated acutely • 

<.. with MSS • 
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Table XI. Effects of MSG on body weight, length and Lee index in ~ats at 110 days 

Values given ~re the mean ± S.E.M.; the number of animaIs Is glven in parenth~seB. 
\,) 

Group Body weight (g) Nasal-anal length (cm) 

Çontrol (JO) 506.8 + 12.8 27~0+0.3 

MSG-'treated (18) 408.7 + 10.2** 22.3 + 0.2*** 

11 3 
~ody weight (g)/nasal-anal length (cm). 

** P <0.02. 

'" .*** P <0.001. 

" 
( 

~~ 

-0. 

o 

of age 

Lee index* 

. 
0.295 + 0.001 

~ 

0.334 + 0.002*** 

~~ ....,.,. "-~ ..... 
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Table XII. Effects of MSG On pftuitary'SR an:d PRL 
.;:? 

t;:~ 

Values given are the mean ± S.K.H.;, the number of animaIs fs given in parenth~ses. 

Group 

Control J.8) 

HSG-related (7) 

* P < 0.001. 

** Not s1gnlflcant. 

Pltu1tary wet 
weight (mg) 

'°11.98 + 0.48 

4.26 + OS1* 

P1tultary GH 

)Jg/g1and , 
288.6 .± 2.3 

43.1 ± "9.9* , 

Pitultary PlU. 
, 

)Jg/mg wet lJg/gland 
we1ght 

24.1 + 1.7 21.9 + 1.9 ..,.. 

8.2 + 1.6* 7.7 + 1.8* 

f< 

.. 

).Ig/mg wet 
weigbt 

1.8 -t-0.1 -
1.5 + 0.2** 
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Table XII. Mean 5. 5-h GH(and PlU. levels in control and MSG-treate-d rats 

There were 9 animals in each group. Values given are the mean + S.E.M. 

Experimantal group 

. Control 

MSG-treated 

* p < 0.001. 

** Not significant. 

M 

Mean 5. 5-h plasma GH level 
(ng/ml) 

75.1 :!:. 11.1 

12.5 + 1. 2* 

Mean 5.5-h plasma PRL levels 
(ng/1IÙ.) 

5.8 + 1.38 

5.3±l.5** 
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Fig~ 25. Effects of neonatally administered MSG on SRIF concentrations 
in the brain of adult rats. M>G caused a significant reduction (P < 0.001) 
in MSH SlUF. In this and subsequent figures, number of ani11lals in each 
group are shown in parentheses and verti~al bars indicate SE of the mean. 
Abbreviations: MBH. medial basal hypothalamus; MPOA, medial preoptic area; 
CHA. corticomedial amygdala; BLA. basolateral amygdala; ex, cortex. 
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Fig. 26. Pulsatile GR secret;1on in indi.vidual adult control rats after ,i 
neonatal administration of 0.9% NaCl s.c. GR secretion is characterized 
by high-amplitude sècretory ôursU that showed, regular 3-4h iQ,terpeak 
intervals. , 
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Fig. 27. Pulsatil~ GH secretion in indi.vidual adult rats after neonatal 
!fiG administration (4g/kg s.c.). MSG-treated animaIs show endence of 
pulsatile GR release with marked suppression of pulse amplitude 
(~ualq < 100 ng/ml) and. puls~ dU1'&ti~ ~~~~l~y < lb). 

163 



, 1 

C 

" 

( 

-
E 

" Ol 
c: -

300 

1000 1100 ,1200 1300 I~ 

Ttme (Hours) 
1500 

~ 1. 

1'600 

1 

1 

Fig. 28. Suppression of mean plasma GR levels in adult rats after neonatal MSG 
administration. Typical pulsatile GH secretion 1s séen in control animaIs 0-0. 
Mean plasma GH levels of MSG-treated rats are reduced ta baseline levela with two 
low-amplitude short-duration peaks at 10. JOh and 14.l5h ce e>. 
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Fig. 29. Mean plasma Pm. levela in adul.t. rats after neonatai MSG administration 
(4 g/kg s.e., upper graph) and vehicle control (0.9% NaCl, lover graph). MSG 
suppressed random Pm. bursts, but did not affect low basal levels. 
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Fig. JO. Pulsatile CH secretion in individual control ra~ 
(upper, and middle panels) ·and mean plasma GH (lover panel) 
after the injection of 0.9% NaCl Lp. at lO.50h (indicated 
by arrows). The injection of normal saline did not affect 
pulsatile GR secretion. 
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Fig. 31. kute effects of MSG (1 g/kg i, p.) on pulaatlle 
GR secretion in individu41 rats. (upper and .m:f.ddle panels) 
and mean plasma Ga (lower P81leJ.). MSG caused i1lBediate 
and long-lasting suppression of GH. release. 
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Fig. 32. Acute effects of H;G (1 S/kg i.r- t upper graph) and vehicle 
control (0.9% NaCl, lower graph) on mean plasma pm, lev~lsf MSG c&uaed 
a rapid, transient release of PRL when coapared to' veh~è1.é' controls. The 
minor elevation in pm.; after NaCl was p'robably a non-specifie s.trèss. 
effect" •• 
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DISCUSSION 

Growth honnane secretion in control rats. wu characterized by 

high-amp11tude secretory b,.rsts wh1ch reae~d levels greater than 4OOng/.l. 

The bursts showed a strfkfng 4eute profl1e with a rap1d' r1,s~ in plasma GH, 

abrupt temnation of -secretion," and decl1ne in plasma GH to low or deteetable , ' 

levéls. The surges of GH- secretion showed ,regul ar 3-4-h interpeak (neervals 

whi ch were entrai ned ta the lf ght-dark cyc 1 e. These resu l ts are in agreement 

wfth studies descrfbèd elaewhere (Martin et al~";· 1978a; Tannenbaum and Martin, • 

1976; Terry et a~., 1977d) Neonatal MSG administration resulted in growth 

retarda tian , fncreased bO~1 fat, decrèased pftuftar,y mass and a signfffcant 
, ... 

reduetion in the Mean 5.5-H plasme GH leve1s and pftuitary content of GH, 

conffnming previQUs studfes (Bakke et al., 197'; Ca.eron et al., 1976; 

~oTzworth-McBr1de et al., 1976; Lamperti et al., 1980; M111ard et al., 1980; ~ 
IF 

Nasagawa et al., 19~4~Neaeroff et al.,·1977a,b; 01ney, 1969; Pfzz1 èt al., 

1977; Reddfng et al., 1976; Schubert et ~1., 1980; Terry et al., 1977c). 

Growth honnane secretdry profiles i""MSG-treated rats were cha ... ac.terfze-d by 

low a.plftude bursts fU$ua11y < 100 ng/ml) of short duration (usually < 1 hl; 
- _ c 

trough levels remafned low or undetectable • 

. . 
~ 

", 
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The pulsatf le nature of GH secretion 1$ thought to be regu1ated by 
, 

st1mu1atory (GH-re1eas1ng factor, GRF) and inhibitory (GH-release fnhibitfng 

factor, somàtostatin or SRIF) hypothalam1c hormones (Martin. 1979; Martin et 

al., 1978a; Terry and Martin, 1981b). The structure of GRF 1s unknown whereas 

SRIF hu been c~aracterfzed as a tetradecapepti de (Brazeau et al.-, 1973). The 

re1ease of these hormones is fn turn regulated by monoamfnes (Martin, 1979; 

Martin et a1., 1978a). The reduced ëURpl1tude and duration of GH pulses 

observed 1 n the present stu<b' coul d resul t from decreased 1 evel s of 
ri' 

stimulatory GRF or by increased secretion of SRIF. We favor the fonner 

hypothesi s. 

Although the precise loca1izat1on of hypothalamfc GRF-containing neurons 

is unknown. e1ectrfcal stimulation of the ventromedfal-arcuate region of the 

hypothalamus stimulates GH secretion in anesthetized rats (Martin, 1979). It 

15 likely that destruction of arcuate neurons by MSG affects GRF neurons to . . 
result fn defeçtive pu1satile GH secretion. This fdea 1s supported by recent 

studies of Mf11ard et al., (1980) which show that GH re1ease induced by 

morphfne 15 decreased 1n MSG-treated rats. The alternate hypothesis 1s that 

MSG rats have an increased secretion of SRIF. I1ypotha1am1c neUrons conta1ning 

SRIF are located pr1mari1y in the anterio,. hypo~ha1a.fc-per1v~~tricular zone, 

wh1ch is unaffected by MSG. The decreased concentration of SRIF in the 

hypothalallliS in MSG-treated rats 1s unlikely ta be due ta the direct effects 

of the neurotoxin. and may ref1ect al tered GH feedback e~fects on SRIF 
, 

1eve1s. HypophysectOll\Y 15 reported to J"educe SRIF levels in the hypothalamus 

(Baker and Yen, 1976; Fernandez-Durango et al., J978; Terry and Crowley,' 

198Oa) • 
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Pharmacologie studies indicate ~hat pulsatile GH secretion in the rat is 

dependent upon facil1tatory noradrenergic and serotoninergic inputs to the , 

media1 basal hypothalal1l.ls (Marti n, 1979; Martin et al •• 1978a,b). ,Dopami ne 

appears to have a minor role in GH regu1ation in the rat. The neurotoxicity 

of neonatally acini nfs te red MSG 15 assocfated with destruction of dopami n~rgic 

and cholinergie systems in the arcuate nucleus-median eminence region (Clemens 
~ , 

et al., 1978i Hol zwor!h-McBride et al., 1976; lamperti et al " 1980; Nemeroff 

et al., 1971a.b~ Walaas and Fonnum" 1978) but norepinephrine and serotonin 

levels are unaffected. ~n conclusion, we favor the hYpothesfs that decreased 

GH secretion in MSG-treated 15 due to a defect in t\Ypothalana1.c GRF resulting 
. . 

in decreased pituitary GH synthesis and failure of pulsatfle release. 

Neonatal administration of MSG suppressed rando. PRL bursts that usually 

accur in the afternoon in undisturbed, freely-behaving IUle rats (Terry et 
, 

al., 1977 d) • However, lAean 5.5- h P 1 ~sma PRl 1 eve 1 s and the pi tu~ tary 

concentration of PRl were not affected by MSG despi.te a sfgnfficant reduetion 

in the total pituitary PRl content. The results are in a-greementw1th those 

of Clemens et al. (1978) and Nasagawa et al. (1974). Low plaSlllêl PRL levels 

were unexpeeted sinee it 15 known that.dopamine hu a direct inhfbitory effect 

on pituitary prolaetin release (Macleod. )976) and MSG decreases 

tuberoinf1nd1bular dop .. 1ne. 'Nemeroff et a1.(1971a.b) reported fnereased 

plasma: PRL level s in adul t male., ~ut not fenaale rats after neonatal1y , 

adninistered MSG.· Thè faflure to-1JelllOnstrate inereased PRllevels in female 
. , 

rats IIIIY- be r'e1ate~ ta decreased estrogen levels sec o-nda l'y 'ta, functional '. , . . 
twpogonadiSil that occurs in MSG-treated arii .. 1s. Cl_ns et al. (1978) found . 
that 5- hydr.oxytryptophan ~ a serotoni n pre~ursor. eaused lIark~ en~anc_nt of 

, 
l , 
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PRL relelse in MSG-treated' anima1s. These resu1ts, sugge,st that MSG-induced 

lesions result "1n an impaired re1ease mechanism for PRL, possib1y due to the 

absence of a PRL releasing factor. 

The acute administration of MSG to free1y-behaving adult rats caused an 

inmed1ate, long-lasting suppression of rhyttnlc GH secretion and rapid, 

transient re1ease of PRL. 01ney et al. (1976) suggested that a dose of MSS 

be10w that required to destroy arcuate neurons might neverthe1ess stimulate 

them to fire at increased rates and therby dlsturb endocrine systems regu1ated 

by these neurons. They reported- that low doses of MSG caused e1evations of 
" lutei niz1ng hOnDOne and testosterone, presumab.1y mediated by stimulation of 

, " 
the release of luteinizing ho~one releasing hormone. These res~lts have not 

1 

bee~ confirmed by other 1nvestfgators (Nemereff et al., 1978). Neither, 
- , 

ha10perido1 nor atroptne blocked the acute effects of MS~ on serj:lm PRL and GH, 
-- ,,- , 

suggest1ng that postsynaptic dopanrinergic and cholinergic·receptors do not 

mediate these effects (~emeroff et al., 1978). However, these resu1~s shou1d 

be fnterpreted wfth ~aution sinee atropine a1so 1nhibfts episodic,GH secretion 

(~art1n'et al. 1978). Results of the present stu-cty do not support the 

hypothesf~ that MSG administration excites tuberoinffndibular dopallinergi~ 

fleurons, si nee, acute activation of this system a10ne wou1d be expected to 

fnhfbft PRL release (MacLeod, 1976) and have 11ttle,- ff Any, effect on 

episod1c ,GH secret10n (Wf1~oughby et al •• 1977). 

-A nulllber of hypothalamic pepti des, f nCludlng substar:JCe P, s-endorphfn, 

"" a-MSH and neu~tensin. are reported to stfllu1ate PRl seCretfon in the rat 

(Martin, 1979). Acute MSG adminfstration -.y acttvate on. of these 

pept1 dergfc systenls. 
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2. CONCLUS IONS 

Neonatal aœninfstration of monosidium glutamate 15 associated wfth 
r: destruction of doparainerg1c, cholinergie anH GABAergic ~ystems fn the tubero-

infin'dibular, tracts that originate in the arcuate region. It ts also , 

associated w1 th c~l1 loss in the retina and circulDventrieul ar organs and 

causes multiple neuroendoerfne defieiencies fnclud1ng stunted growth, 

increased bo~ fat, hYpogonadism and ~pothyro~diSm. Thus, it 1s not a 

"selective neurotoxfn" ,and its effects on growth hormone seeretfo,n are 

di ffi cul t to f nterpret. 

Despite these caveats, results of this study suggest that qIOnododium 

glutamate caused a marked dfsturbance in r~thmic growth hormone secretion 
, c 

characterized by decreased amplitude and duration of growth hormone rises wfth 

low trough values. These ,ffndings were acêOmpanied by a· signff1cant reductfon 

of somatostatin in the medial basal ~pothalamus. The reduced amplitude and 

dur.atfon of growth hormone pul ses probably" resul ted frOID <kereased 1 evels of a 

growth honnone releasing factor, poss1bly due to destruction of arcuate 
(,l ... Il 

neurons. Sinee hypophysectolny reduced somatostatfn in the medial basal 

hypothalalllls, decreased levels after IIIOnosodiulD glutamate were thought to 

reflect a growth honnone feedback effect and not a direct action of the 

neurotoxi n. Î.' 

Acute monosodiulD glutallate acbfnfstr4.tion 15 thought to excite 

tuberoinfindibular neurons wfthout c~usfng oel,l death. If dopaine stimulates 
.... . 

.growth hOnDOne release, then one would expect acpte IIIOnosod1U11 gl.utalllte . 

~chinistration to 1ncrease plaSlll grow'th honaone levels.. Such an ·effect, was 

not.observed in the present experi.ants. Neverthelè$s, other studfes have 

). . shawn that dop.fne has Il lIinor role in growtil hormo"e regulation in the, ra.t. 

~ 
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The next series of experiments were,devised to ascertain the role of the , 

two other maj or ca techo 1.i nergi c neurotrans.i tt$"s. norepi nephri ne IRd 

ep1nephrine._ in growth hormone regulatfon. To this end,·an1~ls .were 

acinfnfstered 'Selective inhfb1'tors of en~s responsible for the b~osynttles1s 

of norep1nephrine and epfnephrine, dop"fne-B-~dro~lase and 

norepinephr1ne-N-met~ltrahsferase. respectfvely (section IY~A.Bw) • 

.. 
t 

.\ 
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IV. ROLE OF CATECHOMAMINES IN REGULATION OF GROWTH HORMONE SECRETION 

A. EVIDENCE !='OR a .. ADRENERGIC REGULATJON '(1' EPISODIC GROWTH HORMONE AND 

PRpLACTIN SECRETION IN THE UNDISTURBEQ MALE RAT.* 

~CT 

The present exper1ments Were designed to stuQy the effect of the centrally 

active a-adrenerg1c receptor agonist, clon1din!!, on epfsod1c GH and PRL. 

secreVion in male r,ats after selecthe blockade of norepinephrfne (NE) and 

epf nephri ne (EP) synthesfs with the dopami'ne .. 8- hydroxyl ase f nhi bf tor, FLA- 63. 
! 

Freely behavfng. 'chronically cannulated rats were maintafned on a constant 

light-dark cycle fn ,isofat~on test ch~mbers. 8eg1nnfng at lOOOh, blood 

sa'!'ples were removed every 20 mfn for 5-h perfods without dfsturbing the 

animal. FLA-63 was admfnistered (10 or 20 mg/kg ip) at 0845 h. Clonfdfne (15 

or 150 ~g/kg fy) was given at tfmes tnat colncfded wfth the spontaneous 

occurrence of episod1c GH peaks or tro\Jghs .observed ·1n control animal s • 

. Resul ts of the present stuQy are slaIIIrized as fo 11 ows: 1) selecthe 

blockade of NE and EP synthesfs wf th FLA-63 (20 mg/kg) caused cœlplete 

suppression of ep1sodic GH but had no s1gnf!icant effect on PRL release; 2) 

clonfdine (150 ~g/~g) restored the pulsat1le paftern of GH secretion in 

FLA-63-treited rats, Ind 3) clon1dfne (15 and /150 ~g/kg) stf.ulated PRL 

relea .. ·!n a ,dose-dependent ~nnl!r. 1-· " 
. These fi nd1 ng~ sugge_st a .. jor ~tillUla.to'1! role of (l-ldrene~g1_C reçeptors 

in episodic GH and PRL secretion. " , 

*Terry and Martin, 1981a/" 
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l. 1 
INTRODUCTION 

GH ;s thought to be regulated by the release of both inhibitory (SRIF) and 

excitatory (GH-releasing factor) hypot'halamic hypophysiotropic hormones that 

are~ in turn, re9ulated by monoaminergic neurons. GH release induced by 

amygdalar or hippocampal stimulation is prevented by a-methyl-p-tyrosine 
, -

(a-MT) and a-adrenergic blockade (Martin, 1974b; 1976) t results that are 

consistent with the interpretation that catecholamines, particularly 

norepinephrine (NE), may funct)on as neurotransmitt~rs in the relay of these 

responses fram higher neural centers ta hypothalamic peptiderg;c neurons .. 

Sever al investigators have provided evidence for a stimulatory role of the 

central noradrenergic system in primates operating through a-adrenergic 

C"! receptors (Martin et al., 1978a; Krulich, 1979). Recent reports suggest a 

similar function of the NE system in rats (Durand et al., 1977; Martin et al., 

( , 

r 

1978b; Vijayan et al., 1978; E~en et al. t 1979; Negro-Vi 1 ar et al., 1979). 

The pattern of GH release has been documented in.several species. 
, -

including man (Martin, 1974; Martin et al., 1978a; Krulich, 1979). In the rat 

the surges of GH occur in a wel1 defined ultradian rhythm that is entrained to 

the 1ight-dark cycle (Tannentiaum and Martin, 1976). ln contrast to primates, 

rats react to stress by an inhibition of GH secretion (Terry et al., 1977d). 

These factors make the study of the role of central neurotra~smitters 

difficult, and stress-free experimental conditions are a prérequisite for 

meaoingful results. 
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The role of the central noradrenergic systell in the regulat10n of PRL 

secretfon 15 still 1 arge1y unknown, and the avafJable fnformat1on is 

contrad1ctory. Systemic administration of ~lon1dfne induced e1evat1on of PRL 

levels (Durand et al., 1977; Stevens and Lawson. 1977). Adlfnistration of 

pheno~benzaarf ne had a s 1l1il ar effect, whereas (1- b 1 ockade wi th phento l ami ne or 

B-blockade w1 th proprano10l had no consistent 1 nfl uence (Martin et al., 1978a; 

. Lawson and Gala, 1975). 

The present exper1ments ware des 1 gned to detenn1 ne the effects of 

dopa.1ne-B-hydroXl1ase inhfbition and central œ-adrenergfc act1v~tfon on 

ep1sodf'c' GH and PRL secretion fn the undisturbed, fr~ely JhaVing lIale rat. 

Materf als and Methods 

.. An1mah 

Male Charles River Sprague-Daw1ey rats (300-350 g) were housed in 

tlllperature and htlll1d1ty contro11ed 1aborator1es with a 12 h l1g,ht:12 h d~rk 

cyc 1 e (1 f:,hts on at 0600, h) • The an fma l s were gf ven free access ta 1 aboratory 
, ' 

chow and water... Anilills were fmplanted wfth chronfc indwel1fng Sl1"astfc 

cannulae p1aced fn the right atrfum via the right externa1 Jugu1ar vein and . , 

adapted to isolation tf!st challbers, us1ng lllethods prev10us1y described 
t 

,(Tannenbauil an.~ Marti n, 1976; Terry et al., 1977d). Afterr recovery of 

p,reoperatfve body wei~nt ('usual1y 1 week postoperat1ve1y). b100d s.ples were 
, , 

w1thdra\lfn every ZO IIi n and 1_diitely centr1fuged. the pllS111 was frozen 

untl1 as say , and r.ed blood cells resuspended fn nomal saline were re.turned to , 

an1 .. 15 at the ti. of the next saaple. Individual rats were usually used as , 
, thefr own control. recefvfng control injections on one expert_ntal day and 

the drug(s) to"'be tested on a subseqllent day. Each anillal was slllPled for 5 h 

begfnnf~ at 1000 h. 
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Drug treatments 

The dopannne-B-hydroJUflase fnhibitor, FLA-63 

[b1s(4-lIIethyl-l-homopfperaziny1thfoçarbony1 )dfsl,Ilffde; Regis Chalic'a1 Co., 

Chièago, IL] was dfssolved fn noma1 saline containfng 2 percent Tween 20 by 

treatfng wfth HC1 and adjustfng ta pH 7.0 wfth NaOH. It was adlfnfstered fn 

doses of 10 or 20 mg/kg fp at 6845 h. The same animal recefved an equ1valent 
-

vo~ume of vehfc1e on another day. After demonstration ~at FLA-63 (20 mg/kg) 

suppressed epfsodft GH secretfon. FLA-63-treated rats were s~bsequent1y 

admfnistered the a-receptor agonJst c10nidine (15 and 150 ~9/kg; Boehringer 
J 

Laboratorfes; Montreal, Canada) or vehicle (normal saline) fv at 1035, 1210, 

or 1335 h without dfsturbfng the anfmals. Plasma PRL was a1so mea~ured in a11 

a,,~ma1s. 

Hormone assaxs ~ 
Growth hormone and PRL 1evels were dete,..fned in duplicate by a double 

antfbo~ RIA usin~ materfa1s supp1fed by Dr. Parlow and the NIAMOD. Values 

ar~~x~ressed 1 n tems of the respecti ve NIAMDO reference preparatf on. 

Minimum sensftivities of the assays aré 3.2 ng/.1 of GH and 1.9 "9/m1 for PRL. , 

Analysis of data 

The secretor~ profiles of GH and PRL were co~red in drug-treated and 

control anf.als to deterœine 1) the effect of FLA-63 (10 and 20 mg/kg) on 

pu1sati1e GH and PRL re1else, an42) the effect of clonfdfne (15 and 150 

: 
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~g/kg) on GH and PRL secrétion in FLA-63-pretreated animals. The studentls t 

test was used to compare the overaI1 mean plasma 5-h eRL levels in 

FLA-63-treated rats. 

GH and PRL secretion in control rats 

RESULTS ... 

The 5-h GH secretory profile in 10 control rats is shown in Fig. 33. GH 

secretion in individual animals conf1rmed previous observation~ (Tannenbaum 

and Martin, 1976; Terry et al., 1977) that the hormone is secreted in an 

ultradian r~thm w1th 3- 'ta 3.5-h intervals between bursts. Peak GH levels 
o 

were greater than 4OO.ng/ml, and trough values were less than 7 ng/.l. GH 

levels were characterized by a broad surge at 1040-1140 h, a trough at 

1200-1300 h, and an afternoon surge at 1300-1400 h. PRL levels were low 

throughout, measuring less than 10 ng/ml. Indiv1dual rats showed 2-4 random 

bursts of PRL, occurring most frequent1y in the afternoon, as described 

e1sewhere (Terry et al., 1977d; resu1ts not shawn). 

Effects of FLA-53 on episodic SH and PRL secretion 

Adlinistration of FLA-63 resuJted in a marked, dose-dependent suppression 

of pu1satile GH secretion (Fig. 33 and 34). Episodic GH release began to 

return within 4 h after 10 mg/kg FLA-63 but reœafned suppressed for 6 h 'after 

20 mg/kg (Fig. 34). Therefore, the larger dose was used in aIl further 

exper1ments. In contrast, FLA-63 had no s1gniffcant effect etther on overal1 
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PRl 1eve1s when compared to the control group (3~5 ! 0.5 vs. 3.7 + 0.6 ns/ml, 

respectively; n • 10 anima1s per group) or on the PRL sec~etory pulses (data 

not shown): 

Effects of c10nidine on GH and PRL in FL~-63-treated rats 

C1on~dine (15 or 150 ~g/kg) or saline were administered randomly at times 

that coincided with the anticipated occurrence of spontaneous bursts (1035 and 

1335 h) or low trough levels (1210 h) of GH, as had been documented in the 

same animal on a previous control day. Previous studies in rats kept on a 
-

constant 1ight-dark cycle have ~hown that GH bursts occur at approximate1y the 

same time (with1n lh) between animals or in the same animal tested on separate 

occasions (Tannenbaum and Martin, 1976). In FlA-63-treated rats, the 1arger 

( dose of c10nidine elevated GH levels to values co~parable to those seen dur1ng 
1 

the spontaneous pulses of untreated controls (Fig.-- 35>-.- The 15 pg/kg dose had 
, 

a noticeab1e stimulatory effect, but it was not slignfflicant (Fig. 35). 

Clonidine also caused a significantolj dose-d,ependenv elevation in PRL secretion 

{Fig. 36). The stimulatory effect of clonidine on'GH and PRL secretion in 

FLA-63-pretreated animals was not dependent on the time of administration. 
o 
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Discussion 

1 

l ' 
Results of thfs st~ fndfcate that the central (I-adre~ergfc s,Vstaa 1.s 

f nvolved f n the generatfon of epf/sodie GH relelse tn the und1 sturbed 1la1e 

rat •. Tre~rblent wfth the dop~1ne-8-hydroXy1a$ft 1nh.f~ftor FLA-63 fn a' dose 

that js known, ta cause signfffcant depletfon of NE and""epfnephrine (EP) fn the 

hypo~1811US and '\ther brain regfons, (Fu~e et al., 1979) resulted in total 

suppressio'n of pul satl1e ,Gif -re1ease for 6 h. Administration of clonfdfne, a 
\. " 

centriHy, actfve CI-adrenergic reeepto;' agonist. ta FLA-63-pretreated ani.ls 
" . . 

caused an éle~ation of ~H ta 1evels that occur durfng physiologiea1 ep'fsodie 

, release. 

The resu1 ts are 'f n agreement" wi th prevf ous 1y reported experfments that 
" 

showed that inhibition of catecholam1ne synthesis wfth CI-MT, blockade of 

~-reeeptors w1th Pheno~bên;amf ne, or su'ppress1o~. of mono~minergic 
. 

tr,ansmfssfon w1th reserpfne, abolfshed GH surges in chronfcal1y cannulated, 

r 
1 

c~ 1 

! 
1 

unaneSthetf zed male rats (Dur,nd. et aL, 1977; Martfn et à1.. 1978ai Eden et 1 

. al •• 1979). Blockade of s-recep"tors wfth propranolol had ~o .effect on GH -

s~retion (Martfn et al., 1978b). GH re1ease sf.flar to natura1 secfitory 

pulses cou1d b~ fndueed wfth çlonfdfne but not wfth the l.0pamfne receptor 

,agonfst apolll)rph1ne (Durand et al., 1977). Similar resdlts have ~een reported . , - , 

.fn the female rat. Selective b10ckade of NE and EP synthesis by 

_ dfethyld1th1ocarbamate (DOC) completely abol1shed the epfsod1e release of G~ 

in unanesthetized. ovar1ectamiz~d rats, Ind clon1dine st1mul'ated GH release to 

level s, that occur during s»ontaneous rele.se (Negro.Vn~r ~t al., 1979). 
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These resu1ts are .supported further 'by ev1dence of Ruch et tJ. (1976) that 

: fntraventr1cular 'acm~nistratfon of c10nidfne stfmu1ates~elease in the '1II1e 
1 ~ ~~ _ 

, ,7'" 

rat. Taken together, these ffnd1ngs suggest a major stfmulatorY'role of 

a-ad~nerg1c' receptors in GH release. ' .. 

Hypothalamfc sOllltostati ~ cell bodies are present in the per1ventr1culir 
~ . , 

nuc1eùs, an area r1chly innèrvated by NE nerve 'tennina1s and to some extent 
" , 

a1so by EP tenninals .(Fuxe, 1965; Lofstrom et aL, 1976). Thus, the 

per1Yen~ricu1ar somatostatfn-pos1tive nerve cells that tnnerva~ the median 

eminence (Hokfelt et aL. 19]8) may be under the control of NE and possibly EP 

nerv~ cells. Anderss~n et a~., (1977)' found that treatment of ) 

hypophysectom1 zed rats wfth rat GH' reduced NE 1evels° in the hyPo-tha1ami~ 
\ 

~ubependyma1 layer and decreased NE turryover in the posterior perf'ventrfcular 

hypothalamic region. These results are s1gn1ficant because they 'provide. 

furthe~ evfdence of nor~drenergic mechanisms in the control of GH secretion. 

4! The present data fndicate thtt selective blockade of NE and EP synthesfs 

with FLA-63 had no significant effect'on PRL se4retjon. In contrast. ft was 

\ 

recent1y repor~d ~ttat in~iI)1tion of dopa~ine-8-h.Ydroxy1ase·by DOC in 

- ovel"iectomized -rat~ resulted 1;suppression_ of PRL release (Negr~-Vl1ar et 
~ p ~ 

, . 
al., 1979). The r~~son(s) for thfs d1fference between sexes,fs not,clear., 

,:f 

The effects of c10nfdfne on PRL s~cretfon support the f1ndfngs of Durand 

èt aL, (1917). and Dono$o et aL. (1971) who showe<rthat adninistratlon of 

. ~ither clonfdine or DL-~dro~pheny1serine, respect1vely, incre~sed PRl 1evels 
- .... 1 \ \ .. 

in Q-MT-treated male rats. Stimulation of a-adrenergfc receptors f." 
ovariéctOmized rats pretreated with DOC resu1ted in a sma1l rfse in PRL 

)." 
(Negro-~11ar et al., 1979). The concept is well.estab11shed that PRL 
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secretion 15 under the tonie lnhibitOr".Y influence of the twbero~nfund1bu1ar . \. 

dopaminergic systei (MacLeod et al., 1976). Fu~e and Hokfelt (1970) have 

shown that actfvati on of NE receptors by el oni di ne decreased acti vi ~ 1 n these . ' . 

tubero1.nfund1bular doplllinergic neurons.,' It is possible, therefore. that 
, 

clon1di ne stf .. 1ated PRL secretion in" the present experf_nts by the 
• tI 1 \ Q , 

suppression of dopaœ1ne release fraM ~h1s neuronal systMI. 

Clonfd1ne has been classed as a preferentfal a2~adrener91c agon1st. and 
. - Î 

such receptors may be present on pre- and/or postsynaptf c _ .. branes (Starke. 

1977)., The present resûits delllOnstrat1ng 't~at c1onfd1ne stimu1ated GH 

secretion in an1mals pretreated wfth a dopam1ne-6-~droxylase 1nhtbitor 

suggest tha~ clonidi ne activated postsynapt1cally located a-reoeptors •. 
. 

Recently. Fuxe et al. (1979) reported that clonidine a150 activatés post- or 
1 

'$ 

presynapt1c EP receptors fn discrete brain reg1ons. However. the pred~nant 
, 

effect of clonfdfne was on NE~ rather than EP, in the ~pothalalRUs. In 

addition. clon1d1ne -.y activate'central histamine (HZ) receptors (Sch~rtz, . , 

1919). However, there. ts no evi!ence that H2-receptor,s are fnvo]ved in the 
. . 
stimulation of GH or PRL secretion in the rat (Weiner and G"nong, 1978; 

Arakel1a." and Libertun, 1977; Rivier' and Vale, 1977). Therefore, 'ft i5 IIOst .. 
l1kely that the st1l1ulâtory effect of clon~dfne on GH and paL are due to 

, activation of NE t'eCept9rs. 
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IV. B. REGULATION OF EPISODIC GROWTH HORMONE SECRE1ION BV THE CENTRAL 
C> 

,0 ~PINEPHRINE SYSTEM _ STUOIES IN THE'CHR~NICALLY 

CANNULATED RAT* 

ABSTRACT 

:Catecholami'ne, 'are postulated te regulate. growth hormone (GH) secretion by 
\ 

their influence on the release of two hypothalamic substances, somatostatin 
. . 

(SRIF), which inhi.b.its Gli release, and GH-releasing factor, 'as yet 

unidentified. Extensive pharmacologie studies in man and animals indicate a 

stilTltilatory effect of ce~tral norepinephriné and 'dopamine on GH, but 'the ~, 
funetion OT epinephrine (iPJ~ uncertain. Furthermore, many of the agents 

used ta study the role of èatecholamines in GH tegulation are not selective in 
e 

tnat they affect adr'energlc as well as noraqrenE!r'glc and/or dop,aminergic, 

neurotransmission. In the present investigation, centrai nervous system (CNS) 
, , , 

EPI biosynthesis was selectively ,1nterrupted' with the specifie 'norepinephr,ine 

N-methyltransferase inhibitors (NMT), SK and F 64139 and LY 7833~, and thè 

effects of central EPI depletion on episodic GH secretion in the chroqically 

cannulated rat were determined. Inhibition of CNS EPI synthesis with SK and F 

64139 caused complete suppression of episodic GH secretion, and concomitantly 

r.educed the EPI level in the hypothalamus without affecting dopamine or \ • 

~~notepineph~ine. Administration of LV 78335 produced simil~r effects on 

pulsati le G~. Morphine-, but n,Dt clonidine-induced, GH re1ease al so was 

blocked by SK and F 64139. These results indicate that l)(~he 

*Terryet al., 19~2 
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central EPI s~stem has a .ajor stimulatory funetion fn episodfc GH relelse, 2) , 

\ morphfne-fnduced GH release 15 ',!M!diated by the central EPI syster.' and 3) .J. 

c"lonfdfne stfmulates GH reJease by activation of .. postsynaptfc alpha-adrenerg1c 

receptors. Drugs that afJect CNS adrenergië systems have a potentfal rola fn 
, 

the di a9n051s and treatment of di so!ders of ~ secretf on. 

iNTRODUCTION' 

- ' 

Growth hormone (GH) secretion by the pftuitary gland appears to be 
( 

tegulated by two hYpothalam1c hormones, 'one st1~ulatory {GH-releasfng factor), 
"1 

and the other fnhfb1tory (somatostatfn, SRIF). Although there fs subs~ant1a1 

pnYsfologfcal' and blochemical ev1dence fo~ the exlste~e of .GH-releasfng 
, . 

factor. Its structur,e has not been determfned (Martfn et al., 1978a) SRIF has 

been characterized ',as a tetradecapeptide (Brazeau et al., 1973), Extensive

studfes in man and experfmental animals suggest that the release of SRIF and 

GH-releasfng factor fs regulated by catecholamfne-contafning neur~ns fn t~ 

central nervous sys~m CCNS) (Martfn et al., 1978a; Martfn. 1980). 

Catecholan1fnes were tfrst impl1cated fn GH regulation in lDan by the 
1. 

demonstration that insu1fn- and vasopressin-induced GH secretion Were 
, 

partfall,y fnhfbited by the a-adrenergfc blocker, phentolamfne (B1ack.ard and 

Hefd1ngsfelder, 1968). It was shown s~sequent1y that L-dopa stfmulates GH 

secretion fn humans (Boyd et al., 1970'; lal et aL, 1975). Because.l-dopa is 
/ 

/ ' 

a metabolfc precursor of dopamine (9A). noreplnephrlne (NE), and ep1nephr1ne 

(EPI), ft becaRle essentfa1 ta exam4ne the e~s of more selective 
/ 

1 

dopanrfnergic and noradenergfc dr,tlgs on GH release. For example, CNS 
1 

/ 
1 

/ 
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a-adrenergic receptor stimulation wfth clonfd1n~ elfcfts GH release i~ humens 

(Lal et al., 1975) and a .nulllber of lower species (Chambers and Brow~1976r 
, [ 

Lov1nger et ~1., 1~76; Durand et al •• 1977; Terry. et al., 1981a~. Ev1 ence 
. , 61 r~\ 

concern1ng the role of brain DA in GH control 15 1ess consistent. ,/In h 1\$, 
..1 • ~-;/ 

~ CMS DA recePtor,stimulat1on w1th apomorphine causes GH release (L~_~t a\., 
" , 

1973). However, actfvatf,qr' or blockade of DA recept~rs 1n experfmenta1 

animals has little ~ffect on GH (Chambers and Brown, 1976; Lovinger et al,. 
1 

1976; Durand et aL, 1977; Willoughby et al., 1977), fndf~at1ng that fts, 

'effects may be specf ff c ta hUlllans. 

Serfa~ measurements of plas~ GH levels f-n humans and expertraenta1 an1mals 

show abrupt, spontaneous fluctuations (Martfn et al., 1978a; Quabbe et al., 

'1976; Takahashf et al., 1968). For the5e oscillations ta occur, "the 
, // 

nypotha1am1c-pitu1ta~ connections m~st,be fntact (Martin, 1978). 8ecause 
, , 

ep1sodic GH' secretion 15 partfcularly promfnent in the male ,rat, th1s anf~l 

has provfded a 'useful experfmental model'to stu~ the adrenergic mechanfsms 

fnvolved in its regulat1on: In rats, a varfety of noradrenergic synthesfs 
1"\ • ' ... 

:,~1nhib1tors ~nd receptor. antagonhts block the pulsat11e secretion of GH 

(Martin. 1980). Moreover, noradreAergfc antagonfsts prevent {tke 1ncrease in 

GH fnduced by motphine (Koenig et al., 1980). 
If 

In al1 the previous studfes, the noradrenergic agonists and antagonists 
r 

used may also have affected transmiss.ion '1n epfnephrfne (adrenergfc) systems. 
• * ... ~.,~ ....... , ~ ( 

Res'U,lts Q{ -earlfff"experimentS suggest tha.t EPI stimulates GH in, primates' 1 
- , 

, . 
(Meyer and,,~~obf1, }'967) and rodents (Muller et aL, 1967; 1968)', but not in, 

" l"'~ ~ 

.. ' t,.,.,;.. "t- J" '" ~' , 

man (Roth. et/~, '~63; SChalch, 196~; Massara a~d Strunafna, 1,970; Rallfr'lowftz 

et al.. 1968).'" 'Iit~ availab1l'ity of several seiective EPI 'synthesfs' : 
(\ 
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. , 
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, 1 nhibftors. ~eveJoped for pos'Sfbl'e use as ant1hypertel'ls1've ~g.n~s in' hllians' 

(Pendle-ton et al., 1979, 1980; Sauter et' al., 1977;. Fuller et al.. 1977) have ',-. ,\ ~ 
, , , ~ .", 

!lade 1t"' possible te> alter the synthes1s of EPI w1thout affe~ting 
r ,1 ~ 1 ~ 

l' 
nor"tp1 flephr1 ne or dop.1 ne'. , These cOIIIpounds have been used 1 n the presen: 

r-.. fnvestigation to assess the"1nvolvement o~ brafn EPI systents fn regu1at10n of 

ephodic and morphfne-inclu~ed GH seèret10n 1n the rat. Resu1ts OfJhfs stuQy 
. . 

• 

f ndicate that the CNS adrenergfc systell has a'lIIjor fu~t1on .fn the ~egulat10n 

of GH secret1 on. , 

f'CTHODS ' 

Anfmals p 

Male Sprague-Daw~eY'rats (300-350 9, Harlan Industr1es Inc., Indianapolis, 

IN) wer~ housed fn telperature and h~di~-contro11ed 1aboratorfes w~th a 

12:12h 11.ght-dark,CYC'le (lfghts onllat 0600h). The animals were given free 

acc,ess to laboratory chow and water. 

D~uQs ) 
, \ 

The, selective EPI synthesfs inhibitors, SK and F 64139 and" SK and F 29661 .. . 
[7, 8-dfchloro-l,2,3,4-tetra~droisoqufno1fne and 

1,2,3,4-tetrahydroisoqufno1fne-7~sulfonllfde, respective1y; Smith, Kline and 

French" Lab6rator1es, Philadelphia, PA], whfch let by fnhibft1ng' norepinephrfne .. 

N-methyltransferase (tf4T, EC 2.1.1.28), were dfssol"ved 1n 0.15 M.NaCl~H 7.0) 

to yie1d a ffn~l concentration of 25 mg/ml- and adafnistered in doses of 10, 25 
, ~ 

and 50 mg/kg -body wef ght 1p. A t~1rd tl4T, f nhibftor, LY 78335 
, , ' 

(2,-3-dfch1oro-a-me~lbenz.yll11tfne; EH Lilly and CompanY Research 
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LabO,ritor1~s, !I~dfan-aP~1fs. IN) was 'd1$:soly~<f in the samé ·vehf'ç1e and 

ldillinistered 'fn dos,es ,of 25 'and ~o ~9/k~bO<IY' wight ip. 's~ ~nd F ~139 and 

LY 7S~35 cross the blood 'brai n ~rrf~,. 'and 'f.n~1bit central and per~pheral EPI, 
\> • orl. 1. 

synthesfs (Pendleton .et al., 1900; FuÙer et al., 1~77).: S~ and F 29661 'only, 

inhibits peripheral EPI $Ynthesfs because ft does not'cross the blood brain ' 
ia ~ ~ .... •• 't ... 

barr.1er CPendleton et aL, 1979). The ~ .. agonfst,'clonldine CBoehrf'nger 
, -r " '. 

laboratorfes, Montreal,. Quebec. Canada) was ifven in a dosé of 150 !log/kg h. 
~ ... ~ . 

Morphine sulfate (Elkins-Sinn.-'Inc':, Cherry Hill, NJ) was'd11uted in Q.16 M ' 
\,.o' • J 

NaC l to a fi na 1 concentrit"'on of o~ 5 nÎg/ml afl,d actif nfstered 1 n a dose of 43' " 

mg/kg 19. 

• • 
Exper~mental procedure .\ 

'f, , . 
Experi~nt 1: Anillllls were'i(lIplanted with chronic il1dwe111ng cannulae, 

1 ~ , , 

placed fn the r1ght atr"UIR vfa the, rfght external juguiar vefn and adapte~ to' 
, . 1. 

ho] at10n test chambers. uSfng .. tho~~: ctescrfbed, prev1o.usly (Te-.-ry and Mar1rtb. 
, ,- , 

1978a). S'.plfng began Irter recovery of preoperatfv~ body wight {u$ual1yR-
, , 

week postoperat1vely). 8100d ~amples (4 x 50 ~') were with~awn every.15 

mi nutes ~nd il1108dfately centrifuged. The pla~ was frozen at _~oC unt1 L, 

radio1111Runoassay 0" GH and pro 1 act1 n (PRl), and red b 1 O~d ce 11 s suspended 1"n 

nonnal saline were returned to an1l111ls at the tilll&-Gf-the next sc1JIIple. 
l " 

Individual rats were 'usua-lly used as' the1r own contro1. recefvfng control 

injections on.one experimental clay Indu th~,drug(s) ta be tested on a 
u 

subsequent day. Anfmals (n-S/groùp) recefv~d either the centrally att1ve EPI 

synthesfs ,fnhfbftors, SK and' 64139, and LY 78335, ~he perfpheral1y active, 
'. . 
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SK and F 29661 J or saline vehicle at 0930h and were sampled for 3h or 6h 
~ ~ ~. r '. • 

" hegfnnfng· Jt lOOOh; fn arder to encanpass one or -two GH secretgry ephodes. 
. " ' . 
. "'The anf;',,' S 'behav1'~r was JlK)nftored through one way observation ports in the ' 

" ' 

, 1 1 .. ~. -', .. ' 1 0 

.içubfçles·; . 
7 ~ ~ 

: . In a parallel exp~r1men.t, male rats (8/group) were sacrfffced by cervical 

dfslo~atio'n 1.5. 2 .. 5, and 3.5h after recefvfng e1ther S1< and F 64139, 29661 or 

'n~rmâl saline at 0930h. Their brafns were removed 1..ad1ate~y and ~pothalamf 

" ,were dfss~ted. wei ghed, s~ap frozen on dry 1ce, and ~tored at '_gooe for 
, . . 

• i' { ~.~b$équent ex:trac~ion a~ ,dete'j1natton of DA, NE, and EPI. The hypothal~fC 

~fssectton was limf ted rostrally by the opt1c chfasm, caudally by the . 

. 

.. 
'manmfl1'ary. bodies, ànd laterally b~ the ~pothalam1c sulc1. and the dorsal eut 

r"" , 

',was app'roxflDate 1 y 2 mm from the base of the brai n. 
, " 

Experfment 2: ' C10n1d1ne or vehfcle was given to· SK and F 64l39-pretreated 

anfmal s. 'at 1105h, o'sfng methods descr'fbed in Experfment 1-, 

Ex-per1l111tnt 3 = . In order to detemfne 1 f blockade of central EPI synthesf s 

~ffeéted morph1ne-st1mulated GH; morphine sulfate (3 Mg/kg 1v) or normal 
. { 

, ~.sal1n~ wàs adD1nistered at 1105h to an1l1als pretreated w1 th ei ther SK ,and F , , ' 

64139. or vehicle at 0930h. 'Samples were removed fra. 1000-1300h, as, descr1bed 

abqve. 

• SH "and ,PRL Radi o1naunoassa,ys 

-' 

GH and PRL were measured in,_dupl1ca~ by,doub1e a'nt1body 'radio1_unoassays 

asi'ng IIIter1als supplied by the NaUonal Pf~ù1tary Agency. as descrfbed 

prevfously (Terry and "-r~in. 1978a). Values were deter.1ned usfng the 

we1ghted Rodbard method (Rod~ard, 19;14) and expressed fn terms of"the NIAMDO 
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reference preparation, rG)i-RP-l and rPRL-RP-l. 'T,he m1nimum_ detectab le amount 

of GH was 2.5 ng/ml and the intra- and,intetassay coefficient~ of vari~tion 

were 3.8 percent and 9.6 percent, respectively (mean of 10 de~erminations). 
. . ' 

The minimum detectable amount· of PRl was 1.0 ng/ml and the intra- and 
, 

interassay coeff'icients of variation were 3:4 percent and 10.9 percent, 

.respectively (means ~f 6 determinations). 

Catecho1aminê assaxs 

Concentrations of EPI, NE and DA in the hypothalamus were measured by ~ 

sen~itive radioenzymati.c assay. The cateeholamines were extracted accordfng:" 

tothe method of Sole,and.Hussain (1977), and separated ~y thin layer 

chromatography, according to Peuler and Johnson (1977). The minimum 

o detectab1e· level of each catee:holamine was io pg. All samples were' mea'sur.ed 

in the same assay ta avoid .]nteras.say.variation. 

Analxsis of data 
? 

The secretory profiles of GH were compared in drug-treate~ and control 

animals te determine: 1') the effect of SK and F 64139, SK and F '29661, and.LY 
/ / ' .. ' 

78335 on pulsatile GH and PRL release, and 2) the effects of clonidine', and 
~~, 1 

. morpHine on GH.secretion in vehic1e- and/or SK and F 64139-pretreated 

anima1s. The effects ~f saline vehic1e, SK and F 64139, SK and F 29661 and LY 

78335 on GH and PRL 1evels over time were analyzed by two, factor, repeated 

measures analyses of variance (drugs x time). ln addition, single factor 

analyses of variance. followed by Newman-Keuls tests, were used te compare 1) 
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plasma GH and PRL levels in S1< and F 64139-.· SI( and F 29661-, and LV 78335-, 
, , 

treated rats" an6 2) plasma aH leve1 s froll 1100-1300h' in vehicle or SK and F 
, ~, , 

,64139-pretreated anfmals that received drugs a~ 1105h. Single factQr'lnalyses 
" . 

of vari ance 'and Newman-Keu1s tests (Wei ner. 1971) al 50 were used ta cOIIpare 

,tissue 1eve1s of catecholamines 1.5;2.5, and 3.5 after recefving SK"and F 

64139, 29661 or vehic1e. A P value less than .05 was deffned',as signiffcant. 

RESULTS 

Effects of SK and 64139, SK and F 29661! and LV 78335 on Episodfc GH and PRL 

Secretion 

The pattern of GH secretion in individual anfmals conf1nned previous 

observations (Tannenbaum and Martin; 1976) that male rats kept on a constant 

, light-dark cycle have epfsodes of GH release that occur at approx1mately the 

sarne t1me (1100-1200 and 1300-1500h) (Fig. 37, 1eft). The centrally active sR 

and F 64139 suppressed CP < .. 00l) pu1satfle GH for 6h (Fig. 37,. right) in a . '. 

dose-dependent manner (Fig. 38). Acnin1strat1on of the other centrally active 

EPI antagonist, LV 78335, also suppressed (p.( .001) GH re1ease, and this 
~",,-.. ~ 

effect also was dose-re1ated (Fig. 39). Howiver, "the peripheral antagonf st, 
. 

SI( and F 29661 (50 mg/kg ip) had no egect 'on ?H when compared to the nonna1 

sali ne control group (Fi g. 40). " 

SK and F 64139 caused a signif1cant, dose-re1ated 1ncrease in Mean 3h 
'~ J 

plasma leve1s of PRL (Table XIV). Atb1nistrat1on of the per1pheral EPI 

synthesis inhibitor, SIC and F 29661, a1so e1evated PRL levels (Table XIV). 

However, LV 78335 di d not si gn1ff cant l y affect plasma PRL when compared to the 
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norma 1 sa 1 i ne control group (Tab'l e XI V) ! None of the drugs caused a 
'1 

dis'ternible change 4n the animal's 'Oehavior and, speci-fically, there were no 
1 

indications that the dru~treated "animal s were stressed. 

Effects of SK and F 64139 and 29661 on Hypothalamic EPI 

_ As dem~nstrated .previously (Sauter et al." 1977; Crawley and Terry, ~ , 

1981b), the centrally active EPI synthesis inhibitor, SK and F 64139 (50 mg/Kg 

ip), caused a significant reduction (P < .05) in the hypothalarnic 

concentration of EPI in male rats from 1.5 to 3.5h after9administration, 
~' Il 

whereas, SK anij F 29661, the periphera1 EPI synthesis inhibitor, had no 

effect when compared to time-matched controls (Fig. 41). N~ither of the drugs 
" 

affected tissue leve1s of DA or NE (Table XV). 

Effect of c10nidine on GH in SK and F 64139-pretreated male rats 

To test whether the inhibition of GH release by SK and F 64139, -could be 

reve-rsed, by activation C?f central postsynaptic a;-adrenergic receptors, 

clonidinl (150 lIg/kg) or vehicle were ad.!'1inistered at a time (1105h) that 

coincided with the anticipated occurrence of a GH burst, as· had been 
<'-

documented in the same animal on a previous control day. In SK and F 

64139-pretreated rats, c10nidine caused a significant elevation in mean GH 
. 

lev~l s above sali ne-injected controls (P < .0001, Fig. 42). 

Clonidine-stimulated mean GH leve1s were comparable to those seen during 
\ 

spontaneous pu1s.es in untreated animals. \ 
1 
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Effect of Morphine on GH f ft SIC and F S413g:.pretreated .. le rats . 

. T~ detè","ne'1~ EPI was 1nV01~ed f.n _rpttfne-indlAë~; GM reléase .• fIO~Ph1~) 
sulfate,C3I1g/kg fy at 1105h),wis .<b1nistered ta vehicle or.$C and F 64139 

,Q I~~ ~ -

~ .,. (..> ~ 

pretr~~ lIale rats. In the +eh1cle-pretrelted group, IIOrph1ne ha<t ln 
, .i .,' . 

..... .. 1 • 

inaedfate ~lltory effec~ on GH that resulted in .an plaSIIII Jevels greater 
~G;:I ., , '. ~ _ 

t~en 1000 ng/1I1 (F1~. 4~). S,fgnf,ffcantto h1g~èr than the CP (C ~Ol) group 

,:reeefv1ng salfne vehfcle (rutt shawn). Prevfous studies have' shown' that 

JIIorphfne-stf.mulated,GH ret;ase 1n the rat h inhfb1ted by na1oxone (Koenig et 

aL. 1980). tndiclting that thfs ts a specifie effect due toact1Vatfon of 
, , 

opiate r'1!ceptors. In the present stuclY, the st1t11ulatory effect of morp'hine on - , 

GH was COnipletely'blocked by pretreatment with ~ .nd F 64139 (Fig. 43) .. 
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TABLE XIV , ' " 

., à 

EFF!ClS QF SK&F 64l39~ S;K&F 29661_ AND. LY 7833,5. ON 
MEAN 3h PLASMA. PROLACtIN (PU) ,LEVELS . 

-':t1.!'._ .( 

Pl~ma P-':' <na/ml) If. SE (n) 

Normal Saline (ip) 
• 

:SK&~ 29661 (50 !l/~g ip) 

SK!*F 6,~139 (ip) 

10 mg/kg, 

~S mg/kg 

50 q/kg 
, , 

LY, 78335 (ip~ 

25. Jll&/kg 

,- 59 mg/kg 

" 

"--'_ .. _~~--, --'-. 

- . 
*p Iees than .05 coâJPared to" normal salme . - , 

, 
'. 

• A 

. • 1 -- _ . .--.- --

~, 

4.7 -+ 1.1 (10) , 

*20.2 + 4.8 (10) 

~14.4 :t 4;1 (6)' 

*25.8 ± 7.5 (6)' 

*39.7 ,!' 8.0 (9) 

6,5 ! 1.5 (6)' 

9.7 ± 1.3 (6), 
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DA '(nl$/s t1ssQe) 
,.;. 

1.5h - ~ 

2.5': h 

,3.5 h' 

NE (ng/gt1ssue) 

1.5h 

t"> 

2.5 h 

3.5 h' 

y a p 
" " 

TABtE. xv 

EFFECTS OF SKF 29'661-' ~39 ON llYPOTHALAl«C ~ 
CONcENTRATIONS 'OF OOPAMINE (DA) AND' NOREPlNEPBtmœ ~ 
(NE) lN MALE RATS 1. 5, 2.:>, AND 3.5 h AFrER INJECTION 

-er \ 

Normal Saline {ip} SEP 29661 (50 mg/kg. ip) SU 64139 -(50 mg/kg. i.p) 

223.5 ±: 11.8 
r{4j 

221.8 + 11.4 

206.1 ± 16.6 

1496:5,'+ 60.8 

1503.0 +118.0 . 

1275.2·+ 61.3 - , 

213.4 ± 9.9 

219.6 + 10.3 

190.9 ± 13.3 

'1384.'0 + 63.0 ,. " --. 

1433.0 ±l1LO 

1300.0 t 62.0 

/ " . 242.8.:!: ~.S 

250.1 + 11.8 ...,. . 
231.2 + 15.0 -. ' 

1313.0 + 36.0 -
1327.0 ± 7.5 

'1.300.0 ± 84.9 . 

n - 8 animals in each gra~. 
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Fig. 31. Effects of SK&F 64139, a central EPI 
synthesis inhibitor, on episodic GR secretion in 
ilJdividua1 male rats s~led for 5-1/2h. NOÇDai 
sa1ine-treated èontro1 animéls showed typica1 epi 
sodie GR release with pul\es occurring between 
1100-1200 and 1400~lSOOh. SK&F 64139 comp1eteIy 
inhib1ted the' first and partiaUy suppressed the 

.second pulse.' Normal saH .. ne or' SK&F 64139: were . 
adDdn1stered at 09~Oh.· The 1etter R to11owed by 
a number in the upper 1eft corner refera to 
individua1 rat 1dentirications. 
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CLOCK-TIME 

Fig. 38. Do8e~re1at~d suppressiOn of episodic GR secretion 
by SK&F 64139 admin1stered at 0930h. SK&F 64139 1nhib1ted 
(P <' .002) èu re1ease ia, doses of 25 and 50 mg/Jcg- ip. The 
10 jI8/k$ dOSe did not suppress GR significantly. Stand~rd 
EfrfoTS of the .. an were omitted for c1arity. In this, .and 
subsequent f:t,gures, nUlllbeTs in parentheses at 1300h refer 
ta the n~er of anilDa1B in each treatment group. . : 
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...J 
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~ 

' 200 , ' 
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CLOCK - TIME .< 

\: . 
. Pige 40. Effects 'of SIC&}' 29661, a peripheral" (!PI) synthesis 
inhibitor, and SK&F on ep dic GR secretion in ~ndividual 
male' rats. Normal aline- and SK& 2966J..-treaud animals showed 
pulsati~e'GH rele e (top and middl t re~peJtiv.ely). SIC&P 64139 
completely suppre sed episodic GR sec~etion (bottom). The.letter 
R followed by a e~ in the lower right'corner refers to 
individual rat i ntifications. 
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Fig. 41-. Effeets of S1Ç.&F 2'9661 and 64139 on the conce~tration of 
EPI in the bypotbal81llUlil 1. 5, 2.5 and 3. Sb afte;r admi.nistration at 

< 0930h. SK&F 64139 caused a signifieant red~cd.on in EPt, but ' 
29661 had no significant effèet. *indicates' P Iess than 0.-05. ' 
There were 8 animals in each treatment group. Vertical lines 
represent SEM in 'this .an(i subsequent figures. . . 
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F1g. 42. Effect of clor11diue, a ceutrally active a-adreuergic 
receptbr agonist, on GR secretion in SK&F 64139- ~retreated 
(0930h) male rat'. Clon1dine adminiatratiou,4t 110Sb (indic$ted 
b~ arr~) cauaed a aignificant elevation in Gft-levela. 
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Fig. 43.' Effècts' of ,morphine' aulfaté (MS) on GR 
secretion in SK&J' 64~39- and n01;1lla1 'saline,.. pretreated 
(09 JOh) male ra ta." MS -admini8 tratioO: (1150h t 
ind:1cateci by arrow). tQ ..,aiiile- p'retreated ra'. caus.ci 
a si'gnificant elevation in CIl ,levela. This effect waa 
blockeci completely by pretreatment with'SK&F 64139. 
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DISCUSSION 

~esults of the present study show that inhibition of CNS' EPI synthesfS , 

with SK and F 64139 and LY ~833S cOipletely suppressed phYsfolog1é;' pu)slt11e 
-

GH release .1n 11141e rats. In contrast. the per1pheral EPI synthes1s block.r, . 
• 

SK and F 29661, had no effect on GH secretion. This fndicates that inhibition' 
. , 

of brafn, rather than adrenal. EPI synthesfs i 5 responsibfe. The i nhtb-ttion' 

of epfsodfc GH secretion by SI( and F 604139 wes accQllPlnfed by a sfgnffi'cant 

reduct10n f n the f1ypothalamfc concentration of EPI. whfl, .SK and F 29661 tiad 

'no effect. Earlfer studfes have shawn that LY 78335 fnh{b1ted hypothalafc , . 
EPI synthes1s (Fuller and Perr,y, 1977). None of these drugs altered 

hypothalamfc NE nor DA. 

Prevfous attempts to 1nvestfgate the functfon of EPI in GH regulat10n 1n 
. 

man and experimental anf1lals were lfllitedby the po or penétrabf11ty.of the -

b100d brai n barrier by EPI.' and the unavaflabfl i~ bf ag~flt~ that 'di r~tly" , 

affect brain EPI neurotransm1ssfon. In lIan, pe~iphêral adMfnistration of EPl 

fn doses suff1cient to' produce s1gnfffcant hyPerglyceIII'fa dfd not 'fnduce'GH. 

secretion (Roth et al., 1963; Schalch, 1967; Massara an4 Strtainl. 1.970) n~r' 

fnHibft argfnfne-stfmulated GH release (Rab1now1tz et al.; 1968). However~ 

large doses of EPI fnitfated a lIarked and prompt increase in pla~ GH ~eYe1s 
, , 

fn fe.le rhesus IIIOnkeys (Meyer andknobil, 1967). Moreover. ,.' 

fntracerebroventr1cular or intravenous EPI adia1nistration tG' rats coused ' 

rel ease of b10assayable GH (Mu11 er et al. t 1967,' 1968). Data frOll the present 

experiments, wh1ch employed selective ~PI antagpnists~··indf~te that the 

~entral EPI system has ~ IIIjor. function in the generation of ephodfc GH 

secretion fn the rat. 
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" MorpW1ne and 'the endogenaus--opfoid peptidéS, lI)ét-enkepha11tJ and 

, B-endorp~in, have, ~ potent stimul atory effect on' GH secretion fn numerous 
,( , 

experimental animals, an effect prevented by the specifie opiate receptor 
... ~ • ,- ~. '\ j 

blocker~1làloxone·'(Martin et al., 1978a;.'Koenig',et a1., 1~80; VanVugt and 
. , 

Meites~ 1980~ Imura et a'~, 1~~1. ,Chihara 'et al., '1978):' furthermore, the. 

vnth~tic e~kepha 11 nana 1 o,gue, FK..:..33-824, causes. GH re 1 eas~ i n m~n (yon • 
• , r ,..... l , 

, Graffenrie~ et al., 1978) •. None of the opiojds appear to act directly at the 

pituitary: lével a~d it'ïs'like1y that'they influence' the r~lease of GH either 

by, modulati,ng the se,cretion of ,releasing/inhiblting factors and/or by 
, . , 

?,affect1ng neurotransmitters (Rivier et al-., 1977; Dupont et al., 1977)., 

vidence to support ttie 1 atter Hypothesi s was provi,dea in' a recent study 

demon_strating- that a-adrenergic receptor b lockade with phenoxybenzami ne, or 

inhibition of NE and EPI synthesis with diethyldithiocarbamate. a 

dopamine-a-hyd~oxy1ase inhibitor, abolished the GH-releasing effect of 

morphin~ in the ra~ (Koenig e~ al., ,1980). These effects were attributed to 

noradrenergic mechani sms. Data from the present' study suggest that morphine 

enhances' GH secretion by activation of CNS EPI systems because the select1-ve 

EPI an-tagonist SK and F 64139 comp1etely 'blocked morphine-induced GH release. 
'. ~ '" ~ 

These results do not, necessarll:>, e?Cclude a similar tole for NE. 

Previous studies have 'shown ~hat clonidine restore~ pulsati le Gt{ release 

in rats after- blockade of NE and EP.I synthesis .with FLA-63, a 
• cJ ' , '" 

dopamine-s-hydr-oxylase inhibitor (Terry and Martin, 1981). In the present 

study,. c10nidine administration to SK 'and,'F 64139-pretreated ,anima,ls elevated 
. . 

", 

GH to ll3vels that occur during'episod1c release. Clonidii'lE;! also stimulates GH \. 

secretion in man and several ,species of experimental animals {L.al et al., 
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1915; Chambers and Brown, 1916; Lou1nger et al., 1976; Durand et al., 1917; 

Terry and Martin, 198]a). The s ti,!IIU la tory' action of clonidine i'S most l1kely 

due to activation of postsynaptic o-adrenerg1c receptors. C10nfdine activates 

post-or presynap.tic EPI receptors in discrete brai n regi ons (Fuxe et al •• 

1979}. It f s no~ possfble at present to determf ne whether the effect of 

cloni dine 1s due to activation of re~eptors norma1ly occupied by NE or EPI. 

However, the abilfty of clonidfne to stfmulate GH release in SK and F 

64139-treated -'''ats demonstrates that the EPI synthesis i nhibi tor does .not 
--' 

compromise the ability of the pituitary glan~ to release GH. 

In addition to its NMT-inhfbfting actions, SK and F 64139 has been 

reported to have SOlne adrenergfc blockfng effects mediated via 02- and Cl1-

adrenoreceptors in vitro (Drew, 1981). Thus, caution should be exercised when 

fnterprètfng the interaction bétween Sil:. and F 64139, EPI. and GH. because tttT 

f nhibi tfon ~r CI-receptor blockade could produce s1mfl ar effects on GH 

release. It B unl1ke1y that these CI-b10cldng actions can account for the 

fnhib1tory effects Qf SK and F 64139 on puls~ti1e GH for several reasons. 
-

F1rst, SK and F 64139 has little postsynaptic adrenergtc block1ng action. but 

~oes have presynaptfc antagonistfc propertfes (Drew. 1981). 't'0wever, thfs 

would;,enhance NE a~d,EPI release (Starke. 1977), and thus wOl.(ld not,be 

expected to block GH release. Second1y, central EPI synthes1s inhibition with 

LY 78335, wh1ch does not possess a-blocking prope~t1es (Full.!r and Perry, 

1977). al~ f nhibited GH secretion. Finally, postsyn~ti c a-blockade by SK, 

and F 64139 wol:J'd be exp.ected to ~1'nhibit clonidine-stimu-lated GH release 
, 

(Schaub et al., 1980) J but ft' did note 

" 
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The tetrahydrofsoqufnolfne rt1T fnhibitors. SK and F 64139 and SI( and F 

2,9661,' both elevated PRL levels. The me.chanism underlyfng thfs effect fs 

unknown at present but does not appear ta be related to EPI synthesfs 
. 

inhfbition because elevation of PRL was not obtained with the ben~laœine NMT 

'.fnhibftor, LY 78335. It is possible that the SK ~nd F compounds exert a .,. 

direct action on pituitary lactotrophs unrelated toi thefr effects on €P-I 

synthesi s. 

The dissociation between the effects of the ,SK and F agents and LV 78335 

1 on PRl also argue against the possibility that th' drug-induced suppression of 
1 

GH release 15 due to strless. Stress suppresses .pul satf le GH
w 

release and 

stimulates PRL re1ease ih rats (Terry et a 1...;- J977d). Both SK and ~ 64139 and 

SI( and F 29661 elevated plasma PRL, but only SI( and F 64139 suppressed GH 

secretion. LY 78335 also inhibited pulsati1e GH release but had no effect on 

PRL. These dissociations favor the fnterpretatfon that the inhibitory' effects 

on GH are due to inhibition of central adrenergic neurotransmfssion • .. ' ' 

Decause octopamine can serve as an alternate substra~ for NMT (Nagatsu, 

1973F, in addition to EPI, ft 15 concefvable that the result of that 

interaction or others like ft cou1d have a role fn CNS regulation of GH 

secretion. However, the distribution and role of octopamine in the mammalian 
, 'JI 

CNS are unclear and there are no reports that other known metabolic products 
/ 

o~ alternative tfIIT substrates are active at CI-receptor sites w1thin the CNS. 

''i-rt su~ry, results of the prsent experiments indfcate 1) that central 

EPI systems exert a major stimulatory effect on episodic GH secret10n and 2) , 

that morphfne-stimulated GH release 1s mediated by central EPI systems. 3) 

clonfdine enhances GH release by activation of postsynaptic CI-adrenerg1c 

, 
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réCeptors. The selective EPI antagonfst, SK and F 64139 15 currently befng 

investfgated in humans as an antihypertensive agent (Dubb et ~1., 1979). This 
1 

drug may a150 prove useful 'in the diagno.$fs and treatment of dfsorder5 of GH . .• 
secretion. 

C. CONCLUSIONS 

Selective b~.ockade of norepinephrine bfosynthesis with FLA-63 resulted in 

cCJllplete suppres$fon of rhythnic growth honnone secretion. Acininistratfon of 

clonid1ne to FLA-63-treated animals cau5ed fmmed1ate release of growth honaone 

to levels observed durfng a sp'ontaneous burst. Since norepinephr1ne i5 the 

biosynthetic precursor of epinephrine. one cannot conclude with certainty that 

the effects of FLA-63 on growth honnone resulted on1y from interruption of 

norepi nep~r.1 ne neurotransm1 s!'10n. 

To circumvent thJs prob1em, ep1nephrfne b10synthesfs was blocked w1th 

agentS that fnhfbited norepfnephrfne-~-methyltransferase. These drugs 

suppress~d 'pulsatfle and morphfne-stimulated growth hormone secretion •. In 

ad~itfons..· clonidine re1eased growth hormone after inhibition of epinephrfne 

bfoSy~thesf s. 

Thus, epinephrfne and probably norepfnephrfne have an important function 

in the genera~io~ of rhyttnic growth honnone secretion. The effect of 

. clonidine·on growth honnane IIIOst '1ikely resu1ted from activation of 

postsynaptf c ,alpha-adrenergf c receptors that coul d be_ st1mulated by ei ther 

catecholamf ~J. ' ~ 
r 

Tbere fs clear evfdence that somatostatfn and the cateCtlÔlam1n,,~) .' 

norepfnephrfne and epfnephrine. are fnvolved in regulatfon of rhyt~ growth 

, 
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ho ... ne. It wes tlY.,othes,1zed that' cateChol"'J:I~s c~ntrol growth' hormne 

~ , 
, . 

secretion by ttle11'" i nfluerK?e ôn 'hypothal.fc peptid~tc ~ürons.· -T~ tes~ 
, . . - , 

th1s hypothes1s,,4, perifu5fon $y5 .... '(as ~!Ugned Wherefn ,tbe",e'fect~ of 
- ' ' 

• "', 'l, 1 1 

neurotranSll1tters on sOIIatostat1n releaS8 could'be observedln vitro (section 
~ ~ ..-.-

y). 
, ' 
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V. EFFECT OF CENTRAL NEUROTRANSMÎTTERS ON SOMATOSTATIN'RELEASE IN VITRO • 

• J A. THE RELEASE OF BIOLOGICALLY AND IMMUNOlOGICAlLY 

REACTIVE SOMATOSTATIN FROM PERIFUSEQ HYPOTHALAMIC FRAGMENTS· 

ABSTRACT 

The purpose of this investigation was to 1) develop a hYPobhalamic 
" 

perifusion system which would allow measurement of spontaneous ba:~al 
\ 

somatostatin (SRIF) release, 2) compare the inmunological and biological 

activities of re1eased SRIF, and 3) study the effect of membrane 

depo1arization, extracel1u1ar calcium, and several neurotransmitters on SRIF 

release. Release was greater at the beginning of the perifusion and decayed 

with time for 90 min, after which it Stabilized and remained constant for 3 h, 

the period used to determine the mean rates of release. Basal release was 

20.2 pg/fragment • 10 min. Membrane depolarization with 55mM K+ increased 

SRIF release 3- to 4-fold in a calcium-dependent manner. 

The irrrnunoreactivity and biological activity of SFIF concentrated by 

~fftnity chromatogra?hy of hypothalamic perifusates were compared to those of 
• 1 

synthetic SRIF and rat hypotha1arnlc extract. Biologic:'al activity was assessed 

by the inhibition of radioimmunoassayab1e rat GH released from cultured 
- --

disp.ersed rat anterior pituitary cells. Hypotha1amic fragments were exposed 

ta several neurotransmitters as well as other substances known to influence 

rat GH secretion. 

Our results may be surnmarized as fol1ows 1) the perifused medial basal 
r 

hypothal amus releases inmunoactive and bioactive SRIF at a cônstant basal _ 

*Terryet al., 1981tl. 
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rate 2) membrane depolarization with high potassium stimulates a small 

re1easable pool of SRIF in a ca1cium:-dependent manner 3) affinity 

chromatography 1S an alternative technique'to co11ect and concentrate SRIF 
, 

released from tissues 4) cOlmlon neurotransmitter agents did not modify SRIF 

re1ease from thé medial basal hypothalamus under the present conditions~ 

INTRODUCTION' 

The wide distribution of somatostatin (SRIF) together with its effects. on " 

neurona 1 ac t î v ; ty and, beh av i or place i tin the s ame c â tegery as ether 

neuropeptides with similar propert ies (Rorstad et al., 1980). Severa1 of 

the se peptides, such as substance P, Lij~, TRH, op;oids, neurotensin, and 

vasoactive intestinal peptide, are concentrated in nerve eryd,ings and are 
. 

postu 1 ated to compri se a new category of pept ide neurotransmitters ,( Bennett 

and Edwardson, 1977; Ouffy et al., 1975; Giachetti et al., 1977; Uh1 and 

Snyder, 1976; Terry and Martin, 1978b; Elde and Hokfelt, 1978; Snyder, 1978; 

Iversen et al., 1978; Hokfelt, 1979). 

The highest concentrations of S~IF are found in the median eminence (ME) 

and mediobasal hypothal amus (MBH). Brownstein et al., (1975) demonstrated that 

the ME. arcuate nucleus (ARCN), periventricular nucleus, ventral premammillary 

nucleus, and ventromedial nucleus (VMN) contain the highest SRIF 

concentrations of several hypothalamic nuclei. The loca}ization of SRIF in 

nerve terminals, synaptosomes, and secretory granules (similar in size to 

those in nerve terminals) SU9gests a synaptic transmitter role for the peptide 

(Rorstad et al., 1980). 
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An important step 1n establfsh1ng a potential neurotranSllitter role for 

the neuropeptides is the deIIIonstration of their release fr;>m neuronal sites. 
~ . ~ 

Patel et al. (1977) first described ca1c1u~dependent SRIF release frOM 

stat1cally fncubated rat neurotwpophysis in the presence of depolariz1ng 

concentr.tfons of potassium. Several 1nvesti gators have demonstrated LHRH 

:rel ease ~ ~pothalalllic tissue and nerve end1ngs incubated 1 n vitro (Terry. 

aod Martin. Il978b; Rot~ztejn et al .. 1978; Gll1a~dO and' Ra.irez, 1977; Kao and 
'" !:!~ 

Wefsz, 1977). Similar results have been deIIIonstrated for TRH {Terry and 

Martin, 1978b; Schaeffer et aL, 1977) and the enkephal1ns (Iverson et aL, 

1978; Henderson et a1., 1978). Static incubation systems do not resolve the 

tfme course of events f nyo1 ved f n a dynami c process such as neurosecretf on; 

a1so. the hYpothalamus 1s a1ways sUbjected to the influence of fts own 

metabol1c and secretory products that accumulate dur1ng the incubation •. These 

restrictions can be ayoided by peri fusion (superfusfon) of fso1ated tissues or 

d1spersed ce11s (Rorstad et al., 1980; Terry and Martin. 1978b; Gallardo and 

Ramfre~, 1977; Kao and Weisz. 1977; Mulder and Smelik t 1977). In preliminary ) 

reports we (Terry and Marti n, 1 978c) detenai ned the rel ease of illllunoreactive 

and bi oreactfve SRIF fran peri fused MBH. Siml1 ar resu1 ts have been reported 

by others (Iversen et al., 1978; Wakab~ashi et al' t 1977; Patel et al., 1978; 

Negro-Vilar et aL, 1978; Epelbaan et al., 1979a,b). In-the present report we 

~escrfbe the relelse ~f i_unoreactive and bioreactive SRIF frOID perffused MDH 

and the factors ~h1 ch affect ft. The effect of several putative 

neurotransmftters and the use of f.unoaffinity chromatography to remove and 

concentrate SRIF re1~ased f~ tfssue were assessed. 
\ 
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MATERIALS AND METHODS 

Anful s 

Adult male Charles River CD rats, weighing 200-250 g, were housed at 
, 

constant rGal telperature (25 C) on a 12-h light, 12-h dark cycle (lights on, 

0600h) for 1 waek before sacrifice. They were given water and rat chow ad 

libftllD 

Preparation of hypothalanrfc frapnts 

A1l animals Wlre decapitated bètween 0800-0900 h and their. brains were 

rapfd1y removed. MBH fragments whfch contained a portion of the 

preoptic-anterior hypothalamfc area ware dissected wfth the fo110wing 

landmarks: anterior border of the optic chfasm, anterfor border of the 

1II1IIIf11ary bodies, and 1 II1II bilaterally and a depth of 1.0-1.2 l1li frOli the 

1atera1 borders to include the ME, YMN, and portions of the ARCN, med1al 

preoptic, and per1ventl"fcular areas. ~ Din.-nsions of representative fra~nts 

were verff1ed by examfnation under a d1ssecting microscope. The tissue was 

fmmediately placed fn Krebs-Rfnger bicarbonate buffer (KR8; 119 mM NaCl, l.Z 

mM KH2P04, 4.7 mM KC1, 1.2 mM MgS04' 2.5 mM CaC1 2, and 24.9 mM 

NaHCp3) to whfch were added 1. nf1.g1ucos~ and 0.025 pere~nt hUlltan serLIII 

al{~fn (fractfon V; Sigma Chemical Co., St. Loufs, MO) with pH 7.4 when 

saturated with 5 percent CO2-95 percent 02 at 37.5C. Twen~-four MBHs 
'-

wete removed in 30 min and transferred to perifusfon,chambers. To ascertain 

which areas and nuelef were included in the MBH fraglllent, random samples were 
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removed 1mnedfately after dfssectfon an~ 4.5 h of perifusion. Ha1f of the 

fragments were snap frozen, eut at 50 1111 on a cryotc.e'" and stafned with 

th1onin-eresy1 violet. The other ha1f were tmned1ately 1mmersed in ch111ed 10 
'" percent buffered fOl"lllal1n, embedded 1n paraff1n, seetioned at 6 1111. stafned 

w1th hemato~l1n and eosfn, and exanrfned for tissue 1ntegrity by light 

m1cro~9PY· 
, 1 

The perifusio~ chambers were illide of 1-.1 dfsposable syringes fitted 

tightly with rubber gaskets into a Plexiglas outer chamber which enclosed the 

syrfnges. This system mafntained the chambers at 37.5 C with a constant 

temperature circulator. The temperature fnside each chamber was monitored 
• 

with an electronic thermistor. Six MBH fragments were placed at the bottom of 

each chamber on top of a cfrcular ~lon sereen to nrevent tissue loss. We 

elected to use six fragments because individual fluctuations are not apparent 

when the average of several superfusions is calculated (Gallardo and Ramirez, . . 
1977). The chambers were fil1ed with KRB and sealed on top with a rubber plug 

which he1d the tnlet tube. Each chamber was adjusted to contairl 0;3 ml KRB in 

addition to the tissue vQlume. The 1nlet tube wa~ connected to a Manostat 

Cassette pll11p (Manostat. NY) Ànd medium was pLAped fram the res~rv01r at 3 

ml/ho The pH of KRB was checked frequently. Ten-Ilinute fraction~ (0.5111) 

were co1lected in 0.01 N HCl and ilIIIedtately frozen at -2OC. MBH fra~nts 

Were peri fused for 4.5 h. To cO/lpare the tissue contents l SRIF before and 
~ 

after perifus10n, MBH fragments were extracted in 0.5 III 0.1 N HCl and stored 
~ 

at -20C. The reéovery of SRIF was stud1ed, wtth and -withou,t the t1 ssue 

present, by the addition of synthet1c cyclic SRIF (100 pg/O.l 1111) to KRB and 

the measurement of SRIF-11ke i .. unoreactiv1~ (SlI) in a11quots of media from 

, 
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the 1nlet tube and collected fractions. Recoveries were dete".ined as 

follows: percent recovery • 102 X SLI in collected fractions (picogr .. s per 

0.1 m1)/SLI in the inlet tube (pfcogrUls per O.l .1). 

RIA for SRIF, 

SRI~ NaS deterarlned by methods previously described (Rorstad et al., 

1979a). Frtct10ns were brought to pH 7.2 wi th 0.1 N NaOH and 0.1 M Na 

Phos·phate. The sa. alIIOunts of neUtral1zed HCl and KRB was added ta the 

standard curve. Resul ts were expressed as SLI. 

Hypothalam1c extracts 

For l>1oa$s41 stud1es, freshly dissected male rat hypotha1amf were 

extracted in 0.1 N Hel by methods previou$ly described (Rorstad et al.. 

1979a). The extracts were frozen and stored at _20°C. 

Recovery of released SU by af,Cinftiy chromatograp~ (AFe) 

Ant1 serum ta SRIF was coupled to cyanogen-brOllfde-acthated Sepharose 4B 

by a previous1y described method (Rorstad et al., 1979b). Sma11 ArC columns 

were prepared frOCI 1"111 syr:fnges 50 that each contafned 0.5 ml' of the gel. 

The columns were connected in a· serfes ta collect the effluent from the 

per1fus1on ~h~ers. To obtain sufffcient SRIF for b10assay studies. 10 

+ hypothalam:tc fragAlents were stillUlated w1th K for a period of 3 h after 

prefncubltfon. The colulltls were eluted wfth. 0.1 N Hel ta remove SRIF. 
1 

Iccordfng ta prev10usly descrfbed Methods (Rorstad et al •• 1979a,b). Eluted 

fractions were frozen and stored at .. 200C for RIA and bioassay. 
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The recovery of StI from AFC was assessed by methods prevlously described 

(Rorstad et a1., 1979a). Values for SRIF release after AFC were corrected for 

recoveries. 

j 
Oispersed rat anterior pituitary celf bioassay 

Oispersed rat anterior pitu1tary cell cultures were prepared according to 

the method of Vale-et al. (1976) with omission of the resuspension of cells in 

Viok~se. After a preincubation period of 3 days in 35 X 10-mm dishes (Corning 

Glass Works, Corning, NY) containing 2 ml culture medium, the cells were 

washed once with culture medium. To 800 pl culture medium/dish were added 200 

pl of either 1) a synthetic cyclic SRIF (Ayerst, Montreal, Canada) standard 

solution which contained 20-640 pg in 10 mM spdium phosphate buffer (pH 
. o 7.4)-0.1 M NaCl-O.l percent human serum albumin (fraction V; Sigma), 2) the 

() 

SU elu.ted by acid from the AFC columns used to collect SU released from 

perifused hypothalami, or 3) a HCl extract of rat hypothalamus. 

The latter two experimental samples were neutralized with NaOH using 

phenol red as a pH indicator and were subsequently diluted in the same buffer 
, 

as that used for synthetic SRIF. After incuba~ion for 3 h, the culture medium 

was aspirated and stored frozen for subsequent' assay Qf rat GH (rGH) by RIA 

using materials supp1ied by the NIAMOD (Bethesda, MD). 

Preparatjon of experimental_test s~bstahces 

High potassium solutions ( K+) contained 55 mM K+, and the NaCl 

concentration was reduced correspondingly (70 mM); low sodium ( Na+) 

solutions contained 70 mM NaCl and 5.6 mM K+. Calcium-free (Ca+2-free) 
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mediuM ..as prepared by 0II1$510n of Cat12 frOli KRa. No EDTA or ESTA wu: 

added ta CI +2 - frae sol uti on$. The fo 11 owi n9 subsqnc:es were tested for 

releasing Ict1v1ty at concentrations of 10-4 _10 .. 8 M in KRa: ' 

acetylcholine, apomorphine, aspartate, carb~lchol1ne, do~1ne, 

L-dihydro~phenylacetic Icid. Y-llinobutyr1c Icid. glu~te, glycine. 

L-isoproterenol, .alatontn, morphine sulfate, neost1gœ1ne, norep1nephr1ne, a~d 

prostagland1n E2• Ascorbfc acid was added (10-2_10-6 M) to prevent 

oxidation of monoamine~. All test .. terials were prepared in fresh, we11-

gassed KRB less than 5 nrin before introduction into per1fus10n chambers. 

Analysi s of data 

Descriptions of the bfoassay and RIA data for SRIF ~ave been previously 

reported (Rorstad et al., 1979a,b). RIA data are expressed as: ln B/80 vs. ln 

dilution of hypothalamic extract, perfusate, or ln pg SRIF. Slopes of the 
, . 

regression lines calculated by use of the 1east squares method were camparad 

for parallelisme Bioassay data are presented .as .icrograms per ml rGH 

released vs. picogralDs of SRIF and dilution of hypothalam1c perfusates or 

extract. Paired and unpaired t tests were used ta compare data where 

appropriate. 

RESULTS 

Hfstology of the MSH fragment 
-

Serial sections of paraffin-embedded and frozen MSH fragments,contained 

the ME. ~N, and portions of the AReN, medial preo~tfc, and perfventricular 

areas at dffferent levels (Fig. 44). There was good replicatfon of MSH 
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dissections as assessed by histologieal examination. Histologieal examination 

of tissue perifused fQr 4.5 h showed variable per.ineuronal edama, but the 

nuclei were of normal appearance and none showed pyknotic changes that would 

be associated with eell degeneration. 

+ Basal and K -stimulated SRIF release 

The large quantity of SRIF at the initiation of perifusion 
~ 

decreased with time for 60 min, a ter which it stabilized and remained 

constant for 3h, the per;od use determine the mean rates of re1ease for 

all subsequent experime 

,SRIF/fragment'lO min over a 3 h basal 

percent of the total tissue content. 

Fragments released 21.6 ~ 1.9 P9 

per{od, which was less ~h~n l.~ 
There was no significant change ~e 

(1 weight of the MBH fragments before and after perifusion (14.8 ~ 0.5 vs. 14.6 ~ 

0.6 mg, respectively). Total MBH SRIF content was 22.2 ~ 2.1 ng/fragment 

before perifusion, not significant1y different from that after perifusion 

(22.8 ~ 3.6). 

The recovery of exogenous synthetic cyclic SRIF from the perifusion system 

was 91.2: 3.8 percent (n = 6) without and 100 ~ 10.2 percent (n.= 6) with MBH 

fragments present. The high recovery of SRIF in the presence "of tissue 

represents endogenous1y re1eased and exogenous materia1. 

Stimulation with high K+/low Na+ in the presence of 2.5 mM Ca+2 

significantly (P < 0.001) increased SRIF release to 83.9 ~ 6.94 (n = 8) and 

55.8':' 10.6 (n ... 8) pg/fragment'lO min (Figs. 46 and 47 respe~tiv,ely), which 

represented 0.37 percent and 0.25 percent of the total tissue content, 

respectively. High K+/low Na+ stimulation" in C/2-free KRB"a'nd low 
( j 
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+, + +2.. C Na norma 1 K J n the presence of 2.5 IIIM Ca -KRB had no affect Fig-

46). The ~1r$t depolarfzing pulse of hf9h K+/low Na+ ~sulted in a 
, > 

sfgnffieantl.,y, greater CP < 0.025. by paired t test; n • 8) SRIF release ·tha" 
, -

the second (52.9! 8.6 vs. 41.0! 6.6 pg/fragœentOl0 .f~. respect1vely; Fig. 

47) • 

RIA of aff1nftr-recovered SRIF 

Serf al dilutfons of SRIF recovered from affini~ columns 1nhibited the 

b1ndfng of [125I]Tyrl_SRIF to antiSerum in a paral1el fashfon to synthetie 

SRIF and a HCl extract of rat hYpothalamus, fndicatfng immunologieal 

s1mf1ar1~ (Fig. 48). The recovery of SLI frOil AFC cohlllns was 90.2 .:!:. 0.98 
, 

percent. There was no SLI in effluents collected ;rom AiC columns during 
K+ exposure, which fnd1cated that SRIF was completely subtrlcted fr~ 

perl fusltes. 

8io10giea1 activity of released SRIF 
, , 

Synthetic SRIF, fmmunoaffin1~-pur1f1ed ~pothalamic perffusates~ and a 

Hel extract of rat ~pothalamus inhibfted the release of GH from cultured rat -- , 

.. anterior pftuitary cells in a dose-re1ated lIIanner (Fig. 49)., The 

concentration of b1010g1cal1y active SRIF in the perifusates vas detenl1ned by 

compar1 son of the 4IIIOunt of rGH rel eased in the presence, of the hypotha 1 am1,c 

per1fusates to a standard curve. relatfng rGH released and the concentration 

of synthetfc SRIF. The per1fusates shawn in Fig. 49 contained in total 2.1'8 

and 1.70 ng bioassayab1e SRIF. respectfvely. The ~pothalam1c extract 

contained 2.15 n9 bioassayable SRIF/lIg tissue wet wt. The alIIOunt of 
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bioassayable SRIF recoyered from seven per1fusion chambers (10 MBH 

fragments/tharnberl was 1.64 ! 0.14 ng and represented 0.74 percent of the 

tissue content released. These results were consistent with the release of 

inmunologically reactiv,e SRIF « 1.5 percent). 

Effect o~ several putative neurotransmitters 
( 

~~---

None of the fOllowing substances had'a'significantly reproducible . 
stimulatory effect 'on SRIF' release at concentrations of 10-4_10-8 M,: 

acetylcholine, apomorphine, aspartate, carbamylcholine, dopaminé, 

l-dihydr-oxyphenylaèeti,c'acid, y-aminobutyric ac:id, glutamate, glycine,; 
, , 

l-isoproterenol, melatonin, morphine sulfate, neostigmine, norepinephrine, or 

pros~aglandln E;. -Fragme~ts were exposed' to K+ ta determine thei!, 

responsivities and viabilities at the end of each experiment~ Those "that did ' 

not respond were excluded. 

\ 
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shawn- .... "per1fused for 4. 5h. The t188'ue 
was fi:xecS :ln chilled 10% buffered fortaal1n. 
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photographed at a magnificat:l~\~J1f:~<50" 
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Fig. 45. Relaase of SLI froll ~t MBR perifused with DB. Each' 
P6:UÎt represents the mean .:!: SE, o·~ four chambers, eacb of '.which 
con.tatned six MBH fragmè~tS'. 
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where the Na+ was lowered corr~spondlngly (70 mM) to waintaln 180-
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Fig. 48. L1near regression lines relat1ng log~t BIBo and the natural 
logarithms of serial dilutions of a HCI extract of rat bypothalam.Ué. 
seriaI dilutions of immunoaffinity-concentrated perifusates of rat 
hypothalami, and the m&ss of synthetic SRIF per RIA tube. (hypotha
lamie extract: r • 0.9780; Y - l.l86x + 4.1~4; hypothalamic perifusate: 
r • 0.9938; Y - -1.189x + 0.1076' SRIF: r - 0.9923; Y - -1.l5lx + 
5.998). BIBo is tbe ratio of [l~SI]Tyrl-SRIF bound to antiserum in 
the presence of added SRIF or an experimental smaple to tbat botmd in . 
the absence of SRIF. Each point represents.the mean of duplicate 
determinations. 
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Fig. 49. Inhibition curves relating rGH released inta the incubation 
medium in 3 h fram cultured rat anterior pituitary cells and 1) the 
mass of synthe tic SRIF per culture dish, 2) seriaI dilutions of 
tmmunoaffinity-pur1fied hypothalamic perifusates, or 3) serial dilutions 
of a HCI extra ct of rat hypothalamus. Each point represents the mean 
± SE of six determdnations in the case of synthetic SRIF or three 
determinations for the hypothalamic perifusates or extracts. 
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DISCUSSION 

To investigate the physiological significance of membrane depolarization 

on peptide release, certain criteria have been established (Terry and Martin, 

1978). 1) Basal and depolarization-induced pePt1dJ.le~se must be 

temperature and calcium dependent. 2) Mellbrane de riuti'on produced by 

excess potassium. electrical stimulation, or other pOlar~Zing agents should 

be effective in releasing the peptide. 3) Degradation of the peptide must be 

Inhibited in order to yield an accurate evaluation of the substances 

relea'sed. 4) Identification and quantification of the peptide re1eased shou1d 

be verified by more than one method, i.e. immunological and bfologica1 

activities. Our results show that after an initial equi1ibration or washout 

per10d of 90 min, SRIF is released from perifused MBH a~a constant basal rate 
r 

+ which can be maintained for at least 4 h. Exposure to 55mM K • which causes 
• 

cell depolarization. results in a 3- to 4-fo1d increase in SRIF re1ease, 

representi ng approximately 0.3 percent of the total tissue content. This t.' 

+ would suggest that mem~rane depolarization with K stfmulates a small 

releasable pool of the peptide. 

Calcium has long b~n known to be an essential lfnk in the process of 

neurotransmission.' When fts concentration in extracellular fluid is 

decreased. the release of synaptic transmitters Is reduced and eventually 

abol f shed. The importance of calcium in the release of synaptic transmitters 

has been establlshed at al1 chemical synapses tested regardless of the nature 
• 

of the transmitter. Its role Is further generallzed to other secretory 
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processes, for example the l1berat10n of hormones by cells in the poster1or 

pituft~r.y gland, adrenal medulla, and salivar.y glands (Douglas, 1968). In our 
- + +2 studies, high concentrations of K did not cause SRIF release in Ca -free 

media; this provides direct evidence for a ca+2-dependent release 

mechan1sm. These results are in agreement with several other invest1gators 
+ +2 who have descrfbed K -stimulated, Ca -dependent SRIF release fram the 

hypothalamus and amygdala as well as from hypothalam1c and cortfcal 

synaptosomes (Iversen et al., 1978; ,Wakab~ashf et al., 1977; Patel et al., 

1978; Berelowitz et al., 1978). Peptidase inhibftors were not added to the 

peri fusion system because the recovery of exogenous SRIF was greater than 90 

percer:'t. 

The validi~ of the perifusion system w~s demonstratêd by good 

preservation of the fine structure of 1ncubated MBH fragments and no change in 

the tissue content of SRIF after perifusion. There was sat1sfactory 

replfcation of MBH dissections, 'as assessed by histologica' examfnation and 

'reproducfb11ity of SRIF content. The histological examfnation of the MSH 

fragment together w1th the constant SRIF content and preservation of 

calcium-dependent stimulated release suggest that, although,there 1s variable 

peri neuronal edema, the tfssue 1s vfable at the end of the 4.5-h per1fus10n. 

Immunoaff1n1ty chromatagraphy was an alternat1ve technique ta remove and 

concentrate SRIF released from perifused tissues. The immunoreactiv1ty and 

biologfcal activity of SRIF concentrated by AFC were compared to those of 

synthetic cyclfc SRIF and an acfd extract of rat ~pothalamus. The 

~pothalamfc perifusate demonstrated a dose-response regression l1ne parallel 

to synthetic SRIF and the ~pothalamfc extract, consistent with immunolog1cal 
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similarity. When tested for biological activity, MBH perifusates suppressed 

rGH r~lease in a dose-related manner, s;milar)to synthetic SRIF and the 

hypothalamic extract. Therefore. SRIF released from MBH fragments w~s 

immunologically and biological)y similar to synthetic cyelie and endogenous 

hypotha1amic SRI.f. 

The secretion of hypothalamic peptides is thought to be modified by the 

actions of central nervous syste~ neurotransmitters. Dopamine, 

norepinephrine, and acetylcholine were reported to 4ncrease the concentration 
1 

of SRIF in the pituitary portal blood of urethane-anesthetized rats (Chihara 

et al., 1978). It has also been observed that dopamine releases SRIF from 

incubated hypothalamic tissue (~e9ro-Vilar et al., 1978) and synaptosomal 

preparations (Wakabayashi et al., 1977) and that acetylcholine and serotonin 

<:} inhibit SRIF release (Richardson et al., 1979). We were unab1e to demonstrate 

a significantly reproducib1e increase increase in SRIF release after exposure 

of the MBH ta physiolog;cal concentrations of severa' common 
.. 

neurotransmitters. Recently, Epelbaum et al. (1979a,c) reported that SRIF 

release was unaffected by substance P, dopamine, y-aminobutyric acid, or 

serotonin but was inhibited by vasoactive intestinal peptide. Because basal 

SRIF release was very low and approached the~ens~tiVity of our assay, we 

could not conclusively determine inhibition f release below the basal leve1. 

One explanation for the discrepancy in report d neurotransmitter effects is 

the type of tissue preparation used to study release in vitro. The isolated 

ME ;s composed predominantly of nerve endings and, thus, could have a response , 

different from the MBH whic~ contains cell bodies and axons. Specific 

ne~rotransmitters may act at axoaxonic, axosomatic, or axodendritic sites to 
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exert an inh1bitory and/or excitatory-effect. It 1s even more d1fficult to 

compare in vivo with in vitro data because of the complex neuronal circuitry 

~f hypothalamic-extrahypothalamic connections and accessability to ~pecific 

's ites which depends on the method of admini stration. 

The presence of SRIF in synaptosomes of the ME is consistent with a 

hypophysiotropic role for SRIF in GH secretion. Its function in other parts 

of the nervous system remafns to be establ i shed.. Evidence that SRIF could 
-

function as a,neurotransmitter includes: 1) its selective distribution in 
\. 

several anatomie pathways, 2) its localization in nerve terminals, 

synaptosomes, and secretory granules, suggesting its presence in nerve 

terminals; 3) its influences on the electrophysiological properties of 

neurons; and 4) its potassium-stimulated, calcium-dependent release from 

central neryous system tissue. 

B. CONCLUSIONS 

Although somatostatin was released from the medial basal hypothalamus in a 

calcium-dependent manner, exposure to several neurotransmitters did not cause 

a reproducible fncrease in somatostatin release. Because basal somatostatin 

release approached the lower sensitivity of the radioimmunoassay, it was 

impossible ta accurately determine inhibition of release. These results 

emphasize the difficulties encountered when attempting"to compare i n ~ and 

in vivo data from --- systems with complex neuronal circuitry. 
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· l' CONCLUSIONS . 

hOnllOnl secretfon in undfst~r~Q.r,f. 'ely-behavirig male rats wu Growth 
1 exemplff1ed by spontaneous r1ses that OCFurred approxf.ately e~ery 3 1/2 

/' 

hours, conf1rming results descrfbed e1sewhere (Tannen6aum and Martin, 1976). 

Nadirs in plasma level~ were low or undetectable. Peaks were frequently 

greater then BOO ng/ml and they appeared, to be entrafned to the light-dark 

cycle. There was very 1ittle intra- or fnteraniœa1 variation in the 

~plitude, frequency or timing of this intr1ns1c r~thm. 

• 

In the female rat, episodic growth hormone secretion occurred 

approximately once each hour durfng a11 phases of the estrus cycle wfth a mean 

" amplitude of 74 ng/ml. However, some animals had $ecretory bursts every two 

hours. Lfght entrainment of these pulses was not evident. Growth hormone 

rose durfng pregnancy and remained elevated for several hours after 

parturition. Sucklfng caused an immediate and brief rise in plasmi growth 

hormone. Because of these multiformities, the female rat wa5 not u5ed in 

subsequent studfes. 

Neutralization of circulating somatostatfn with specifie antisera caused 

an elevetion in the nadir levels of plasma growth hormone, but had no 

slgnfficant effect on sunnit nor mean levels. Thus, ep'fsodic rises in plasma 

growth honnone are not due to intermittent bursts of somatostatin release 

followed by postinhibitory rebound of growth hormone. These data favor the 

concept of a growth hormone releastng factor that 15 released ep1sodfcally. 
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• 
Further studies provided evfdence to support the ~pothesfs that growth 

hormone fs regulated by'episodfc ~ecretion of at least two hYpothalamfc ' 
-.1;,. 

hormones. Electrical stimulation of the lateral hypothalamfc-medial forebrafn 
\ 

area had both exc1tatory and inhibitory effects on growth hormone secretion 

that were dependent on.preex1sting plasma levels. Stimulation during 

spontaneous growth hormone bursts caused an 1mmediate declfne in plasma 

levels, whereas, e~itation when levels were low caused release of growth 

hormone. PaSsive immunfzation agafnst so~tostatfn prevented 

stfm~ation-indueed growth hormone suppression, but did not augment 

stimu11tfon-indUeed~growth hormone release, suggesting the fo~er response was 

mediated by somatostatin, and the latter by a growth hormone releasing 

faet~r. The possfbflfty also exfsts that circulating growth~rmone has 

teedback effects'that could influence responses to stimulation. 

Although the precise 10cal1zation of growth hormone releasing factor 

neurons 1s unknown, it has been pr~posed that they reside in the 

arcuate-ventromedfal nuclear region. Neonatal administration of monosodium 

caused destruction of hypothalamfc arcuate neurons a~d a marked reduction fn 

the amplitude of'growth .honnone peaks. Even though the somatostatin 

concentration in the medial basal hypothalamus was redoced significantly, 

nadir levels of growth hormone remained low. Desptte the faet that monosodfum 

glutamate was not a selectfve neurotoxfn, ft fs likely that destruction of 

arcuate neurons by this ag~nt caused a deffcfency of growth hôrmone releasing 

factor and resulted 1n absent epfsod1c growth hormone secretion. The 

reductfon in hypQthalamic somatostatfn was probably due to al tered growth 
'. 

hormone feedback effects on thfs peptide. 
\ 
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Swimmfng stress in the rat caused prolonged suppression of r~thmic growth 

hormone secretion. Intracranial self-stimulation th~ough electrodes in ~e 
, 

lateral hypothalanrtc-medial forebrain regfon also suppressed episodic growth 

hormone rel'ease. There was no dfscern1ble difference between growth hormone 

responses to stimulation in reinforcing versus non-reinforcing sites. 

Moreover, the growth hOnlone responses to lateral ~pothalaœic stimulation 

cou1d not be dfstfnguished clear1y from the response to swimming stress. 

These effects could bè mediated by decreased growth honnone releasing factor 

or 1ncreased somatostatin re1ease. Data from further studies favor the latter 

hYpothesis. Passive 1mmunizatfon with somatostatin antiserum partial1y 

prevented or restored stress- and latera1 hypothalamic stimulation-fnduced 

growth hormone inhfbition. In addition, swimming stress decreased ~ 

concentration of somatostatin in the median eminence, suggesting increased 

relea~~'l 

Somatostatin-containihg ee11 bodies are concentrated in the 

periventricular nucléus of the hypothalamus and in the medial-basal amygda1a. 

Data from the present experiments indicate that the periventrfcular cel1 group 

projects axons to the median eminence, arcuate, medial preoptic and rostral 

" periyentr1cular nuc1ei, and the medfal-basal-amygdalar group innervates the . , 

median eminenee and suprachiasmatie nucleus via the stria tenminalis. This 

somatostatinergic a~gdalofugal path~y was conffrmed recently by Sanaka et 

al. (1981). These results suggest that both the periventricular and '~gdalar 

somatostatinergic systems may parti ci pate in the regulation of growth hormone 

secretion via thefr projections to the median eminence and other medial 

hypothalamic nuclei. 
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Further studies provided evidence to support this hypothesis. Removal of 

the target gland~ the pituit~ry, ca~sed a decrease in the somatostatin content 

of the median eminence, arcuate, periventricular and medial preoptic nuclei. 

These findir)gs suggest that growth hormone exerts a short-loop inhibitory 

feedback action on its own secretion by affecting somatostatinergic cell 

bodies in the periventricular hypothal arnus (and possibly the amygdalal that 

innervate the preoptic area and medial basal hypothalamus. Recent studies 

have shown that the central nervous system is involved in growth hormone 
:> 

autoregulation (Tannenbaum, 1980) and that growth hormone stimulates 

somatostatin re1ease (Patel, 1979; Sheppard et al., 1978; Chihara et al., 

1979) . 

Central adrenergic (and probably noradrenergic) systems have a major role 

in the getleration of ep;sodic growth hormone secretion. Initial studies with 

the dopamine-B-hydroxy1ase inhibitor, FLA-53, led to the conclusion that 

norepinêphrine was the major catecholamine involved in pulsatile growth 

hormo~e secretion. However, FLA-63 also blocked epinephrine synthesis and it 

was impossible to be certain if one or both catecholamines were involved. 

Stimulation of growth hormone release by clonidine did not resolve this issue 

because it could have stimulated alpha-adrenergic receptors normal1y occupied 

by norep i nephri ne 'or ep i nephr i.ne. 

To determine the function of epinephrine in growth hormone regulation, 

\ epinephrine biosynthesis was blocked by select-ive 
"-
~~~pinephrine-N-methyltransferase inhibitors, SK and F 29661, 64139 and LV --- . 
78335. SK and F 29661 does not cross the blood brain barrier and, although it 

inhibits adrenal epinephrine synthesis, had no effect on ,growth hormone. 
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Conversely, the other two agents blocked central ep1Aephr1ne synthes1s, 

evidenced by decreased hypothalam1c leve1s, and 1nh1b1ted epfsod1c -t9rowth 

secreti on in cl dose-dépendent manner. Leve l s of norepi nephri ne and dopam1 ne 

were unaffected. These two drugs also blocked morphfne-induced growth hormone 

release. Thus, adrenergic systems must be intact to mafntain spontaneous 

rhythmfc growth honnone secretion. Furthennore, growth hormone re1ease, 

fnduced by morphine fs dependent upon adrenergfc neurotransmiss10n. 
\ 

Ep1nephrine could generate growth honnone pulses by 1nh1bition of 

somatostatiri or stimulation of growth honnone releasing factor. 

Actninistrat10n of somatostat1n ant1serllR to SK and F-treated animals caused 

growth honnone release (Terry et aL, 1981), favor1ng the fonner hypothesis. 

However, simfl al" effects w'ere observed hl non-drug-treated control groups 

(data not shown). Other studies concernfng thyrotropin secretion, fndicate 

that epïnephrine stimulates thyrotropin releasing hormone and does not fnhibi 1! 

somatostatin (Terry, 1981). 

Ta determfne the site of action of neurotransmftters that regulate growth 
~ 

honnone secretion, hypothalamic fragments were perifused!!!. vi tro and 

somatostati n release was measured. Solll4tostatf n was released by membrane 

depolarfzation fn a ca1cium-dependent manner. However, several dffferent 

neurotransmftters did not stimu1ate somatostatfn re1ease. It could not b!! 

detemfned if somatostati n release was i nhfbfted because basal secretion 

approached the lower limits of detection of the radioilRRunoassa.y. 
• 1 

Resul ts From earli el" studi es suggest that the f sol ated med1 al basal 

hypothalal1l.ls contains neural substrates necessary for episodic growth hormone 

secretion (Wflloughby et al •• 1971). Hypothalamic deafferentation causes a 
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decrease fn the actfvf~ of nôrepfnephrfne-N~thyltransferase., fndicat1ng"the 

extrahypothàlamfc or1g1n .~f hypothal.1c ep1nephr,1ne (Brownstein et al •• 

1976). So far, norep1nephr1ne:-N __ thyltransferase-posftfve call bodies have 

been identf ffed only 1n the brafnstenl. Sinee epf,~hrine 15 essential for 

spontaneous episodic growth hormone secretfon. 'ft "'-Y relch hyPothall11ic 

peptfdergfc neurons by an alternate route. Peptfderg1c neurons wfthfn 

hypothalamfc is1ands lIIÎly be hyperrespons1ve to smaller amounts of epfnephrine 

as a result of denervation supersensithf1;y. Alternatively. there may be . . 

undiscovered epinephrine per1karya with1n the ~pothalam1c 1s1and. sfnce 

canplete deafferentation on1y reduces levels by 60 ~percent (Brownstein et ~1 ~,\ 

1976) • 

In conclusion. rhythm1c growth hormone secretion in the rat 15 generated 

by excftatory and inhfbitory neural elements. Peptidergfc neurons 1n the 

medial hypotha1anus are thought to generate th1s rhythm bi releasing 

somatostatfn and growth honnone releasing factor 1nto the ( 
;' 

hypothalamfc-adenohypophyseal portal system. Afferent inputs (i.e. 

epfnephrfne) to these neurons regulate their actfvity and therefore control 

the amplitude, frequency and entrainment of growth honnane rises and ebbs. 
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STATEMENT OF ORIGINALITV 

With the exception of spontaneo~s pulsat11e growth ho~ne secretion in 

the male rat tsection IliA), al1 of the observations described in Sections II 
---.,- , 

through V a:e ori g1 na 1. Othe,. 1 nve~ti gators ha~,e shawn that 'stress suppresses 

plaslI/1 growth hormone~in the rat, but the effect of swi_ing stress on 
{ , 

. ' , 
pulsatfle growth honno~e secret10n h~s not been reported previously. 

Stud1es on the effects of somatostat1n antiserum on growth hormone and 

stress-induced suppression of thfs hormone were reported by others about the 

same ti me the present data was pub 1 ished; some di d not exami ne pu lsatil e 

secretion. The chron1e effeets of monosod1la glutalllte on growth hormone and 
.. _ 1 

somatostatin were'stud1ed simultaneous)y by other invest1gators,,-bu't the - , . 
effects of this neurotoxin on the dynamies of rhyttllic growth hOnlOne 

secretion were not examined. AIso, two >stud1es clescrfbing somatostatin 

releas~ in vitro were published'wh11e the present studies were in progress. 
------ , 1 

There have been reports descr1bing the effects of hypothaTam1c 
-$ 

deafferentat10n and medial "preopt1c lesions on r't\Ypothalam1.c somatostatin • 
. ' 

though none described specifie projections of per1ventricular" 
" ~ " . ~ h ~ 

somatostatinerg1c neurons'to the medial preoptk, arcua.te and rostral, 
~ . ~ ~ . '.., 

perfventricular nuclef. Although ft h~d been shown previously'that 
!' ' 
~ 

tlypophysectcmy reduced somatostatfn levels Jo the hypothalar11fc reg1on. the 

present study was the fi rst to local i ze thi's effect- ta di sC'lte, h~pothalaÎllic 

nuclei. 
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Using other less specifie ph'annaeologica1 agents, severa1 investigators 

suggested that noradrenergic systems have a major role in the regulatfon of 

grcn,th honnone ~ecretion. However .. +t has not been shown that' selective 

fnhibition of dopamine-B-hYdroxylase blocks rhYthm1c rfses in growth hormone. 

The remainder of the observations in this dissertation are described for 

the firü time. 

The entire contents of this thesis have been reported in the fo1lowfng 

publications: 

Section II: 

Saunders, A., L.C. Terry, J. Audet, P. Brazeau, and J.B. Martin (1976). 
Dynamic Studfes of Growth Hormone and Prolactin Secretion in the Female 
Rat. Neuroendocrfno10gy, 21:193-203. 

Terry, L.C., J. Audet, P. Brazeau, and J.B. Martin (1976). Neuroendocrine 
Concomitants of Intracranial Self-Stimulation: Effects on Growth Hormone, 
Prolactin, and Corticosterone. Proc. Seo. Neurosciences, Toronto, 
Ontario, p. 660. 

Terry, L. C.. A. Saunders, J. Audet, J.O. -Willoughby, P. Brazeau, and J. B. 
Martin (1977). Physiologie Secretion of Growth Honnone _ànd Pro1actin in 
Male and Female Rats. Clin. Endocrinology, 6:19S-28S. 

Ter~, L.C., P. Brazeau, and J.B. Martin (1977). Intracranial 
Self-Stimulation: Effects on Hypotha1amic-Pituitary Regulation. 
Neurology, 27:405. 

Terry, L.C., and J.B. Martin (1978). Hypothalamfc-Pituitary Responses ta 
Intracrania1 Self-Stimulation. Brain Res., 157:89-104. 

Section III 
c 

,~ 

Terry, L.C., J.O. Willoughby, P. Brazeau, J.B. Martin, and Y. Pate1 
(1916). ,-Antiserum to Somatostatin Prevents Stress-Induced Inhibition of 
Growth Hormone 1n the Rat. Science, 192:565-567. 

Terry, L.C., -\j.B. Martin, J.O. Willoughby, and P. Brazeau (1976) • 
. Antiserum--to So~tostatin Prevents Stress-Induced Inhibition of Growth 

Honnone in the rat. Fed. Proc. 2:35, 782. 

Terry, L.C., J. Epelbaum, P. Brazeau, and J.B. Martin (1977). Antiserum 
to Somatostati n: Effects on the Dynamics of Growth HOnDOne, Prolactin, 
and Thyl""oid Stimu1ating Honnone Secretion in 'Cannulated Rats. 7th Annual 
Society for Neuroscfence Meeting, ANAHEIM, A 1156. -
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Terry, L.C., Jo. Epelbaum, P. Brazeau, and J.B. Martin (1977). Monosodium 
Glutamate: Acute and Chronic Effects on Growth Hormone, Prolactin, an~ 
Somatostatin in the Rat. Fed. Proc., 36:364. 

Terry, L.C., and W.R. Crowley (1979). Eff.ect of Stress on the 
Concentration of Somatostatin (SRIF) in Discrete Hypothalamic and 
Extrahypothalamic Regions of the Rat. Soc. for Neuroscience Meeting, 
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Crowley. W.R •• and L.C. Terry (1980). The Effect of Anterior 
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Soc. Abstracts. 62nd Annual Meeting, Washington, D.C. 
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Terry, L.C., and W.R. Crowley (1980). Selective Depletions of 
Somatostatin in Discrete Nuclel by Hypophysectomy, Periventricu1ar 
Hypothalamic, and Medial Basal Amygdaloid Lesions. Society for 
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