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ÀBSTRÀCT

Dai ly late af tennoon administration of the indoìeamine,

nrelatonin, jn gonadectomjzed femaìe Syrian hamstens

(Mesocricetus aunatus) for ten weeKs, nesulted in a manked

inhibitjon of synthesis of the catecholamjnes, dopamine and

norepìnephrine, jn the medjan emjnence. In addition to

this effect w'i thjn the mediobasa'l hypothalamus, ffiêlatonjn

uras found to decnease nonepinephnÍne synthesis in the

amygda'la. Signi f icant ef fects upon serotonengic metaboì ism

were denpnstrated by the data show'ing j ncreased

concentnat ions of senotoni n (sHT ) and i ts metabol'i te

5-hydroxy'indole acetjc acid (5HIAA), in both the medjan

eminence and caudate nuc'leus of melatonin-tneated hamstens.

Decreased 5HT synthesjs was also observed in the amygdala.

These signjficant effects of melatonin in ovanjectomized

hamsters supponts the intenpnetation that the a.ltenations

in catecholamjnerg'ic and senotonerg'ic metabol ism 'induced by

meIatonin occulindependent'ly of the gonadaI stenoid

honmones, In agneement wjth the wonk of othens, melatonin

admin jstrat jon was demonstnated to inf luence c'inculating

levels of luteinizing honmone ( LH) , prolactjn ( PRL ) and

thyroxin (T4), in addition to the pjtuitany content of LH

and PRL. Melatonin's dramatic antjgonadotroph'ic and

antithynoidal effects jn Syrian hamsters ane ìnterpreted to

be due to j ts abi 1 i ty to modi fy the metaboì jsm of the

neunotnansm'i tters whìch modulate the release of antenion

pìtuitany honmones. However, the honmone changes found in



iv

the melatonin-tneated hamstens in thjs study, cannot easily

be explained in terms of a single transmjtten system. The

data denjved fnom this investigatjon suggest that the

effects of melatonin upon catecholam'inergìc and

senotonengic metaboljsm ane not limited to the mediobasaì

hypotha I amus



INTRODUCTION

The Pineal Gland and Melaton'in - A Historical PersPective

Historical neconds suggest that since antiquity, ño

other stnuctune in the manmaìian body has been so greatìy

misunderstood as the enigmat'ic pineaì gland.' This smal l,

unpa j red brai n organ on "epjphys'is cerebr i " , has been

descr i bed fon centun i es wi th an endun'ing cur i os i ty

utiIizing terms such as the "cervical body", the "seat of

the soul", the "thind eye", the vestigeal remnant of the

parietal 9yê, to the "appendix of the brain", and even the

,,penis cenebrì" (fon neview, see Bhatnagan, 1990).

Henophj las of Alexandria (325-280 B.C. ), initial ly

portnayed the human pineal as an entity which contnolled

the "stneam of thoughts" ' a sphincton' tap or valve

reguIating the f low of "pneuma" or "spjrits" fnom the thjnd

to the fourth brain ventnicles, (Mi tes and Gney, 1988) '

It was Galen (129-199 A.D. )' a Gneel< physician practising

in Rome approx jmateìy 450 yeans later, who djsagneed wi th

the tap function of the pineal gland since it lay outsjde

the cerebral ventricles, and suggested a function similar

to lymph nodes.. Galen j ni t i al ly designated the tenm

,,Konareion", a Latin wond wh jch described the shape of the

human p'inea'l gland as a p'ine cone'

Rene Descartes (1596-1650 A'D') refenred to the p'ineal

as the dignjfied "seat of the soul" and "g'land H". He

described it as not sjmp]y a specific anatomical locale'
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but rather an intangible mathematical point from which the

inmortal soul united wìth the mortal body and carried out

itsfunctjon.Hesuggestedthatthepinealseparated
particles fnom the blood and then released them into

various f .ine pones in response to speci f ic sensony stimul i '

(Descartes, 1662; Chamberlain and Herman' 1990) '

Manyphysiciansoftheseventeenthandeighteenth
centuries, as did the ancient GneeKs' considered the pineaì

g'land to be f undamenta'l ly associated wi th psychotic

behavior or "madness". It was not, hOWeVer, untiI the

1880's that documented descniptions of the anatomy,

hi stology, embryology and innervat jon of the marma'l i an

pineal gland began to appear (for review' see Kappens'

1960).

In thìs century, the pineal has necejved consjderable

attention f rom both bas'ic scientists and cl inicians al il<e'

Howeven, its functional importance in certaìn species, js

negarded by some non-pinealo]ogists wi th unchanging

skepticism.Reiterhasdiagnosedtheproblemofthe
endocrine pineaì's non-acceptance as a "vestigeal i ty

complex" (Reiter, 1981). Incneasing ev'idence, howeven, has

been' presented for the functional sìgnìficance of the

p.ineal pnoduct, melatonin, in numenous species across

several vertebrate classes including manmal ian pr.imates'

such as the human (Cassone, 1990)'
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Isolation of Melatonin

It was McCond and Allen in 1917, who finst documented

the results of experiments in which amphibians u/ene fed

bovine pineal extnacts. They found that administration of

these extnacts resulted in the concentration of melanin

granules in tadpole melanophones. However, it was not

until the worK of Aanon Lenner in the late 1950's, that the

sKin-l'ightening substance wjthjn the cattle pineals u'as

finst isolated and structuraì'ly identjfied as melatonin (tl-

acetyl-5-methoxytnyptamine). It uras also Lernen and

colleagues, who denived the indoleamine's narne fnom the

Greek WOnd "me'laS" , rlìeani ng bl aCK and " tOSOS" , fOn I abOr

(Lennen et ô1., 1958, 1959).

Severa'l yeans I aten , t¡Jurtman and col I aboratons

presented a "melatonin hypothes'is of pìneal function" '

They discovened and documented two fundamental pineal

principìes: that melatonin inh jbi ted estnous cyc'l ici ty when

ì n jected ì nto f ema'le nats and that the manma I i an pi nea I

synthesjzed and secreted this senotdnin derivative,

melatonjn, ât a nate inversely pnoportional to

envjronmental lighting (t¡lurtman et â1., 1963; Chu et â.|,,

1964; l¡Jurtman and Axelnod, 1965) . Melaton jn, su j tably

entitled the "darkness honrxcne", is produced and released

in nesponse to the absence of Iight.

Quay's work in 1963-64, demonstrated that the melatonjn

levels in the pineal glands of rats had a very distjnct
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twenty-foun houn cycle (Quay, 1963; 1964). The pineal

denived rnelatonin circadian rhythm js simi lar in plasma

(l¡li lKinson et â1. , 1977\ and unine in almost al I mamrals

(Rejten, 1987). The nhythm is characterized by a manKed

increase in secretion duning the dank phase wjth a rap'id

f a'l I at the onset of day ì 'ight ( Axe I rod , 1g7 4; t¡Jet terburg ,

1978).

Melatonjn, although primanily synthesjzed in the pjneal

gland, has also been neported to be pnesent in the netina,

especially jn avìan species, (hliechmann, 1986). Qthen

extrap'ineal areas'in whjch melatonin has been reported, but

not confi nmed, include handeri an gl ands of nodents

(Cardjnali and l¡Juntman, 19721 , penipheral nerves, human

erythrocytes (Vo'l lrath, 1981), and nabbit platelets (Launay

et â1., 1982)'

Morphology of the Manrnal ian P jneal Gland

Embnyologically, the mammalian pineal gland, the

principal sounce of melatonjn, âtises as an outgnowth in

the postenodorsal region of the roof of the diencephalon'

The weight of an adult manmal's pineal can vary from

approximately one mi 1l ignam (ttg) in the rat to almost 150

rng in the human (vol lrath, 1981; Anendt, 1988). The pineal

glands of seasonal'ly bneeding anjmals, such as the Syrian

hamster , on sheep, tend to be nìore pnom'inent ( Ra I ph , 1975 ) .

Largen, tnore distjnct pineaìs ane typ'ically found in

animals which inhabit highen latjtudes. This js in
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contrast to those living in, on adjacent to, equatorial

regions, which character i stica'l ly possess smal I , di f f use 
'

or repor ted 1y absent pj nea I s ( oKsche , 1 965 ; Bhatnagan '

1990).

In lower vertebnates, such as fish,. amphibians, and

some repti les, pineal cel ls have corT¡þn structural and

functional characteristics with the cone ce'l ls of the

netina. In lnost reptiles and bjrds, the p'ineal organ lies

adjacent to the skin sunface and resembles rudimentary

photoreceptor cel ls (Col'l in and 0Ksche, 1981) '

The manrnal ian pineal gtand is a smal I , sol id ongan

which pnojects posterìorly from the noof of the thjrd brain

ventnicle, and is composed of two major cel I types.

Pjnealocytes, or chjef cells, are consjdered to be nrod'i fjed

photorecepton cells and they nepresent the most abundant

ceIIuIan component. They have been found to comprise

appnoximate'ly e'ighty-f ive percent of the cel ls in the

g 1 and . P i nea 'locytes are char acten j zed by numerous 
'

bnanching cytoplasmjc processes whjch possess club-shaped,

vesicle-containing tenmjnals (l,rlolfe, 1965)' Sunrounding

these processes ane an abundance of fenestrated capilìaries

(Kappens, 1960). The pineaì gland also contains suppontìng

cells of neunoglia'l onigjn which ane similar to astrocytes.

A mystenious onganelle known aS the "synaptic ribbon" iS

found in pinealocytes and the only other structune in the

mar¡fnal jan body where jt has pnesently been located, is the

retina (Vo1 lrath, 1973) '
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Thene exists a very stnong nelationship between aging

and pinea'l deposi tion of basophi I ic extracel lular bodies

Cal led "brain Sand" , "pineal Sand" O¡ "aCenVU'l i " (KrStiC,

1976; 1986). These calcium phosphate' magnesium phosphate,

on calcium canbonate deposjtions are found within a gfiaì

cel lular and connective tissue matrix. These prominent

concnet jons serve as a nadioìogical manlten '

Blood SupPlY

The pos ten ì on choroi da I an ter i es , den i ved from the

posterion cerebral antenjes, represent the major source of

blood supply to the pineal gìand (Le Gnos C'larK, 1939) '

B'lood f rom capi'l lanies and veirules u'l timateìy drain into

the great vein of Ga'len and the straight sinus, êñ noute to

the heart. It is genera'l ly accepted that the major rncde of

transport of melatonin is vja the cjnculatony system.

The pinea'l gland has a very high quantity of blood flow

that i s second to on ly the K'idney (Goldman and Wur tman,

1964; Anendt, 1988). The danK pe¡iod represents the time

at which p.ineal blood f low is gneatest (Quay, 1972\.

lnnenvation

The pineal gland is innervated primani 1y by

postganglionic sympathetic fibens with cell bodies which

are located in the supenior cenvjcal gangì i a ( Kappens,

1960). A neunoanatomic pathway which mediates the effects

of 'l i ght or darKness upon marlrna ì 'i an me I atoni n pnoduct i on,
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is bel ieved to orÌgjnate in the retina of the eye.

photoreceptons and ganglion cells found in the netina,

convent photic input ('l ight ) into an electrical and

neunochemjcal signal which, via the netinohypotha'lamic

tract (Moore and Lenn, 1972\, is nelayed to the

contralatenal and ipsi lateral suprachiasmati'c nuc'lei (scN)

of the hypothalamus, following decussatjon at the optic

chiasm (HendricKson et â1, 19721. The endogenous circadian

pacemaker, ( tne scN), then nelays information to the

lateraì hypothalamus, the medial forebrain bundle, (Moone,

1978), the tegmentum, and f inal ly to !h. intenmediolateral

cel I column of the thonacic cond - the sounce of

preganglionic fibers to the superion cenvical gang'l ia'

These pregangl ionic f ibers enter the sympathet'ic tnunk' and

synapse with postganglionjc fibers of the supenior cenvical

gangl ia, and ul timate'ly reach the pineal gland as the

nenvus conani i ( KaPPens, 1960 ) . A second pathwaY which

pnovìdes the scN wj th 'l ight infonmation i s the

retinogenicu'lohypothaìamic tnact (P jcKard et âl . , 1987 ) '

During the danK phase, act'ion potentials oiliginating jn

the scN st ìmu I ate these per iphena I sympathet ic

postgangl'ionic f jbens wh jch nesul ts in the release of the

catecholamjne nonadrenal jn (norepinephrjne), from the nerve

tenminals. The injtìation of melatonin synthesis (Romero

et ô1., 1975) depends pnedom'inantìy upon the stimulation of

beta 1-adrenengic neceptons (Klejn and hlel ler, 1972; Kleìn

et al. , 1981 ), oñ the pjnealocyte cel I membnane, âlthough
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current jnvestigation suggests that alpha 1- adnenengic

receptons are also.activated by noradnenalin (Zalz, 1981;

Klein, 1985; Mongan et â1., 1988; Arendt, 1989; Stankov et

â] ., 1990), during rnelatonin production' The "AND" gate

theory contends that concurrent activation of alpha and

beta adrenengic neceptors ane nequjned to'stjmulate

melatonin pnoductjon (Cena et â1. , 1991 ).

In the daytime, ì ight imping'ing upon the ret jna

Suppnesses nonep'inephr i ne- i nduced me I aton'in secret i on '

Denenvation of the pineal gland vja the postganglionic

fibers, completely pnevents the secretion of melatonìn.

Administnatjon of beta-blocl<ens such as pnopanolol on

ateno'loì, inhibit melatonin nelease as well (Vaughan,

Atpha 1-adnenergìc blocl<ade on alpha 2-1976).

autoneceptor stimulation also decrease secnetjon of the

jndoleamine (Checl<ley and Palazjdou, 1988). The manrnal ian

p'ineal gland lacKs a majon chol inengìc, parasympathetic

innenvation (Kappens, 1960) .

B'iosynthes i s of Senotoni n and Me I atoni n

Tnyptophan, an essential amjno acid primari 1y obtained

from the diet, js actìvely tatren up from the cjrculation by

the pineal gland (Axelrod et â1., 1969). ttJithjn

pinealocytes, j t undengoes hydroxylation at the 5 posì tion

to fonm 5-hydnoxytnyptophan (5HTP ) by the nate- I'im'i t i ng

enzyme, tryptophan hydnoxylase and reduced pterjdjne

cofacton (Sjtaram and Lees, 1978; Cooper et â1., 1982) '
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Fo'l lowing this, 5-hydroxytnyptophan is decanboxylated

to fonm the indoleamine, serotonin, via the enzyme aromatic

amjno acjd decarboxylase. The pineal gìand is l<nown to

contain the highest concentration of this neunotnansmjtter

in the brain (CNS) - appnoxìmately f i f ty times (per gnam)

gneaten senotoni n ( 5HT ) content ( Gi anman and Day, 1 959 ;

Quay , 197 4; Cooper et â I . , 1982), than any other brain

stnucture. in the Syrian hamsten, senotonin ( 5HT ) is

pnoduced wi th greater abundance dunìng the daytime

(steinlechener et ô1., 1983; King et ô1., 1984).

Duning danKness, noradrenengic stimulatjon of beta

1-adnenoceptons on pinealocyte cell membnanes, induces a

very rapid jncrease in pineal content of cyclic AMP as well

as specif ic pnotein synthes'is (Klein et â.|., 1970; Klein

and UJel len, 1972; Deguchi and Axelrod, 1973; Romeno et â1. ,

1975; Klein et â.|., 1981). This leads to the act jvat jon of

the enzyme serotonin N-acetyl transfenase ( Romeno and

Axelnod, 1975) , which increases j ts activi ty thirty to

seventy fold in the evening (Arendt, 1989), duning the danl<

phase of the light/dank cycle. This enzyme js believed to

limjt the nate of melatonjn synthesis (Klein et â1., 1981;

Ebadi, 1984). N-acetyl transferase, converts senotonin

jnto N-acetyì -5-hydnoxytnyptamine ([leissbach et ê] . , 1960) .

in the f inal step, N-acety'l-5 hydnoxytryptamine undergoes

0-methylation (Axelnod and l,rJejssbach, 1960), vja actjvation

of the enzyme 5-hydnoxyindole-0-methyìtransfenase

(S-HiOMT). Thjs neaction requires S-adenosyl methjonine as
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the methyl donor (Guchhait and Gnau, 1978; Ebadi, 1984).

Melatonin, N-acetyl-5-methoxytnyptam'ine, is the final
pnoduct (Axelrod , 1g74; Cooper et ê1., 1982; Klein, 1982).

Rollag and coìleagues in 1980, Gâlculated the rate of

pineal melatonin synthes'is in the Syrian hamster to be

appnoximately 1 ,6 picograms per minute duning the I ight of

day - r'ising to 70.6 pglmin. in the darkness of night. The

tota'l avenage melatonin pnoduction over a twenty-four

per iod was 18.6 nanognams (ng ) (Roì 'lag et ? I . , 1980 ) .

Melatonin synthesjs, it should be noted, occuns at night in
both diurnal and nocturnal species (Anendt, 1989) . No

present evidence ex'ists for long term melatonin stonage

wi thjn the pineal g'land. Appanently, melatonin is secneted

upon synthesj s.

Melatonin is metabol jzed to 6-hydnoxymelatonin

conjugates in the lìver (Kopin et â1., 1961) and is then

excneted by the t<'idneys w j th ur j ne. In the bnai n,

melatonjn js converted jnto N-acetyl- 5-methoxyKynurenamjne

(Hirata et ê.|., 1974]'. The half-life fon elimination of

melatonin js appnox'imately twenty minutes in adul t nats

(Gibbs and Vriend, 1981 ).

Light Suppnession of Melatonin Secnetion

The intensities of lìght requined fon the suppnession

of melatonjn synthesis and neìease vary fnom species to

species. In the albjno nat, 0.0005 mjcnowatts per

centimeten squaned is required (lJebb et â.|., 1985), to
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appnoximately 1850 microwatts per centimeter squaned needed

in the Richardson' s ground squi nrel ( Rei ter et âl . , 1983 ) .

It was Lewy and col labonatons in 1980, who denronstnated

that the suppression of melaton'in secnetion in humans

requi ned a much greater jntens'i ty of ì ight (2500 tux ) than

that necessany in n¡ost labonatony animals (Lewy et ?'l . ,

1980). This wonJ< jn humans has led to the imp'lementatjon

of bnight I ights (photothenaPY) , as an efficacious somatic

treatment fon winter depnession ( Lewy et âl . , 1982;

Rosenthal et ô1., 1984), that is appanently medjated

through the eyes (lrJehn et â1., 1987).

It was jnitially suggested that blue ìight wavelengths

(appnoximately 500-520 nanometens ) wene ÍÌcre ef f ect'ive at

suppnessing melatonin synthesis and secnetjon in both

Syr.ian hamsters (Bra jnand et ?l . , 1984) , and humans

(Brainand et ê'l . , 1985 ) . Mone necent ly, howeven, thé

optìmal wavelength in pre'liminany studies suggest I ight

from a bnoader range (505-555 nanometens). The green

wavelengths were found to be of gneater effjcacy than the

blue wavetengths (Onen et âl . , 1989 ) .

The ambient temperatune appears to be impontant in

ei then i ncneas i ng or decreas i ng suscept'ib'i I i ty of the

pìneal gland to the suppnessive effects of light ìn some

species (t-i et â1., 1987; Steinlechner et â1., 1988).

Hamstens subjected to cold temperatures are reponted to be

rnore sensitive to the effects of melatonin (Pevet et ô1.,

1989). Manipulatjons of I ight and temperatune ane
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presently gaining considerable attention, as

attempt to undenstand the envinonmental triggens

neunochemical and neunoendocnine physiology.

Effects on Repnoduction in the Synian Hamster

melatonin administration late

houns I ight / l0 hours darK) ,

Many researchens have focused upon melatonin's dramatjc

ef fects upon marrmal ian nepnoductive cycles, especi al ly jn

seasonal bneeders such as the Synian or go'lden hamster. It

was Tamanl<,in who finst djscovered that melatonin injections

pnoper ly t jmed can dupl icate the effects of natunal

reseanchens

neguìating

1976).

in a state of

ten, 1965; Bendtson

photopen'iod in the hamsten (TamanKin et â1.,

Simj lani tjes between the reproductive events that occur

with short photopenìod (<12.5 hours of light), and

in a long photopeniod ( tq

have been documented bY

several scientists (TamanKin et â1., 1976; Reiten, 1980).

Af ter e'ight to ten weelts of exposure to 'l ight depr jvation,

shont photoperiod on late aftennoon adminjstnatjon of

melatonin, the testes of male hamsters wi I I undergo

involution - sometimes to one tenth of thei n size in long

photoper i od . Accessony ongan weights wi l'l decnease

concom'i tant ly wi th the weight of the testes, which would

characteristical ìy'lack mature spermatozoa. The male

hamster, npst fnequent 1y involved jn these jni tiaì

experiments, was descnibed as being

nepnoductive quiescence (Hoffman and Rei

and Desjardins, 1974\.
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The effects of photoperiod upon reproductjve status has

been dernonstrated to be pineal-medjated since the gonads of

pinealectomjzed or superior cenvical gangl ionectomized

hamsters were functional'ly ident jcal to those of control

hamsters maintained in 'long photoperiods (Rei ter and

Hester, 1966; Rei ter, 1968) . Light depnivat jon on bl'inding

produces antigonadal effects simi lar to melatonin

admjnistnation (Reiten, 1969; Vaughan et âl', 1982)'

Hormonaì changes which accompany testes involution in

the male hamsten, include decreased pj tu'i tary pno'lactin, ôs

wel I as lowened levels of plasma pno'lactin, luteinizing

honrnone (LH), and fol licle-st jmulating hormone (FSH)

(Donofrio et â1., 1973; Reiter et ô1., 1974; Reiter and

llohnson , 1974; Rei ten et âl . , 1975) , It has been suggested

that the concunnent incneases in hypothalamic levels of

LHRH (Jacltson et âl . , 1984) , ìndicate a decrease in i ts

release and hence pnovides one expìanation fon the

reductions in the gonadotnopin leve'ls.

short photopenjod or me'latonin admìnistratjon late

the l ight peniod, i s bel jeved to play a signi f jcant role

the changes that occun in the neuroendocnine-thyroid axis'

The alterations that occun in thyroid status has also been

shown to be pi nea'l -dePendent . ManKed decneases jn Plasma

tn i iodothyron'ine (T3 ) , thynox i ne (T4), and thyro'id-

stimulating honmone (TSH) 
'

associated wi th short

photopen'iod

occur rence

melatonin injections, is a well-documented

both sexes of Syrìan hamsten (Vriend and

in

in

on

in
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Reiten, 1977; Vriend et ô.|., 1982; Vniend, 1983; Vliend et

â1., 1987; Vniend and Steiner, 1988). Although the

mechanjsm involved is not J<nown, it is suspected that

melatonin influences the metabol ism of the

neurotransmj tters that nrodulate the nelease of thyrotnopìn

reìeasìng honnx¡ne (TRH ) , but certain'ly other l'rypotheses

have not been excluded. 14 is believed to influence the

cjncadian sensÍtivity of the CNS to melatonin (Vniend et

â1., 1987).

Dajly late afternoon treatment with exogenous melatonin

fon 8-10 weeKs, nesults in a disnuption of the four day

estrous cycles that typi fy the nepnoduct ive status of

female hamsters maintaìned in long photoperiod ( l¿ll10D)

(TamarKin et â1., 1976). Thjs phenomenon appears to be

jdentical to the effects of short photoperiod, (Rejter and

Hesten, 1966; Reiter, 1968; 1969; Seegal and Goldman, '1975;

Tral<u'lrungsi et â1., 1979; Jongenson and Schwartz, 1987),

as welI as f ight deprivation on bf inding (Vaughan et âl.,
1 982 ) . The nesuì t i ng anestnous condi t ion, due to mel atoni n

'injections or shont photoperiod, is charactenìzed by a

manked neduction in circuìating estnadio'l (Vn jend et ê1.,

1987), and pnoìactin levels with dai ly LH and FSH surges

(Bridges and Goldman, 1975; Jorgenson and Schwantz, 1987),

nathen than an LH sunge only on the proestrous day of the

four day cycle (Bast and Greenwald, 1974; Seegal and

Goldman, 1975; TnaKulnungsi et â1., 1979; Donham et ê1.,

1984). Circu'latìng T3, T4, and TSH honnrcne levels ane also ,].::ì:

-14-
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decreased (Vniend et â1., 1982; Vaughan et â.|., 1982).

flvarian pneantral and antral fo'l t iculan development is

arnested and conpona lutea fonmation inhibi ted wi th

concomj tant hypertnophy of the pnogesterone-secreting

ovarian intenstitium (Si lavin and Greenwald, 1982).

Uterine and vag'inal t jssue atnophy (Vniend et ê.|., 1987).

Dai ly LH Sunges are accompanied by, and stimulate, abnonmal

sunges of pnogesterone fnom the hypertnophied interstitium
(Nonman and Gneenwald, 1971; Bridges and Goldman, 1975;

Si lavjn and Gneenwald, 1982; Tennanova et â.|., 1982;

Hubband and Greenwald, 1983; Donham et â1., 1984). L'iKe

the male hamsten, these physiological pnocesses are

bel ieved to be p'ineal -med jated since pinealectomy and

Superjor cenvical gangl ionectomy neversed or prevented

these effects ( Rei ter and Hector , 1 966 ) .

Melatonin appears to disnupt the feedbacK relationsh'ips

between the ovanian sterojd hormones, pnogesterone and

estradiol, and the gonadotnopins, LH and FSH, as well as

pnolactin. The estnous cycles of melatonjn-tneated

hamstens are halted in the diestrus II stage of the foun

day cycle (Vn jend et ê1., 1987 ) . in untneated, control

hamstens maintajned unden long photopen'iod, estnadjol , jn

conjunction wi th Progestenone, is be'l ieved to play a

panarnount no'le in the pnevention of dai-ly osci 1ìat jons of

anter jor pi tu'i tany pulses of gonadotnopin nelease and the

majntenance of the foun day proestnous surges (Stetson et

ô1., 1978). It has been suggested that the peniodicity of

- 15 -



the gonadotropin surges may be regulated by a neunal

"clocK" tirned ne'lease mechanism, possibly located in the

suprachiasmatjc nuclei (SCtt¡) (stetson et ê.|., 1978).

Photorefractor i ness

Aften proìonged exposune (17 -22 weeKs ) to short

photoperiod on daj ly melatonin adm'inistrat jon, both sexes

of Syrian hamsters wi ll cease to nespond to this inhibitony

signal. In othen words, the hamster bnai n and

neunoendocrine system develop a state of refractorjness.

Even with additional melatonin injections, nesponse is not

necovened. This dynamic cessatjon of nepnoductive

quiescence and subsequent entny into a gonadal restoration

phase, is Known as necrudescence (Reiter, 1972; 1980). In

the natunal mj'leu of a ìong-day bneeding hamster, this is

cojncident wi th the vernal (spring) equinox. Restoration

of estrous cyclicity occurs as daiìy LH, FSH and abnormal

pnogestenone sunges cease, senum estradjol ìevels increase

and ovanian follicles and corpora lutea nesume development

(Jorgenson and Schwartz, 1987). The testes of refractony

male hamsters regenerate, as denronstnated by manJ<ed

incneases jn testicular and accessony ongan weights and the

nesumption of eff jcient spermatogenesìs.

In onden to disnupt on "bneak" photonefnactorjness and

nestone sens'i tivi ty to inh jbj tony daylength (short

photoperiod on melatonjn administration), i t is necessary

fon the animal to experience a cni tical dunation of

- 16 -
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appnoximateìy ten weelts of exposune to a stimu'latony long

photoper i od and i ts accompanyi ng me I atoni n si gna'l ( Rei ten ,

1972; B'i ttman, 1978; B j ttman and Zuclten, 1981; Hastings et

?.|., 1989). Some mechanism within the hamsten is able to

di f ferentiate between vanying durations of the me'latonìn

nhythm (Stetson et â1., 1983; Hastings et ô1., 1989). The

neurochemjcal changes underlying this part jculan phenomenon

have not been suffjciently examìned (Steger et â1,, 1985) '

Melatonin "RecePtons"

Act i on

and Putat i ve Si tes of Me'latoni n

In an atternpt to detenmine possible si tes of melatonin

action, deveìopments have occurred in receptor studjes in

necent years. Initjal pioneening wonJ<, iñ which a

trj tiated meìatonin I igand was utj I ized, resul ted in

reponts of specific binding in vanjous tjssues. H'ighest

binding was obsenved in hypothalamus, pi tui tany g1and,

epididymus, and adrenal gland (Cohen et ãl ' , 1978;

Cardinal i et âì. , 1978; 1979; and P'icltering and Ni les,

1990).

Impnovements jn necepton technologies have led to the

development of an iodinated melatonin nadioì igand - l,lZS I l

iodomelatonin. This ligand has been used in a vaniety of

binding studjes. In addition to autoradiographic methods,

synaptosomal and membrane procedunes have been used to

characterize melatonin-b'inding to brain tissue.

Iodinated melatonin has been uti I ized to study the

-17-



'localizations of both hìgh and low af f ini ty bind'ing si tes.

In both Syrian and D jungan i an hamst.ers, ês wel l as i n

domestic sheep and in the rat, high affinity binding sites

were found predominate'ly in thnee aneas: the SCN, (Reppert

et â1., 1988; Krause and Dubocov'ich, 1990), the median

eminence of the hypothalamus (Vanecelt et â.|., 1987; 1988;

Stankov and Reiten, 1989) and the pans tubenalis of the

anterior pituitany (Morgan et â.|., 1989; Mongan and

UJj l liams, 1989). Othen areas of melatonin binding include

the PVN of the thalamus, the anea postnema, sub'iculum,

hippocampus, mìdbrain and ret jna (Dubocovjch and Tal<ahashi,

1987; Mongan and h/illiams, 1989; PicKering and Ni'les, 1990;

Siucialr et â1., 1990),

An SCN site of actìon for melatonin would be consistent

wi th mel atoni n' s nole i n the entrai nment of ci rcadi an

rhythms to the envi ronmental I ight-danK cycìe. i t i s

thought to coondinate the ambjent light on darKness with

the c'ircadjan cyclìcity of an endogenous time-Keeping

mechani sm f ound wi thi n the SCN (Moore, 1983 ; Ra lph et â'l . ,

1988; Rusalt, 1989 ) . Mel aton j n has been demonstrated to

decnease the neunochemical and electr jca'l act jvi ty wi thin

this nucleus (Cassone et â1., 1987; Knause and Dubocovich,

1990). SCN lesions have been clearly shown to block

meìatonin' s antìgonadotnopic effects (RusaK, 1980) .

Rejter et al. (1976) have suggested that there exists

a marKed ci rcadi an rhythmi cì ty of mel atoni n " necepton "

response that js chanactenized by an early monn'ing decrease

':ì.,1:

:.:ì:l
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in receptor sensi tivi ty, (or down-negulation) . Th js view

js supported by data show'ing that evening, but not rnorning,

injections of melatonin nesu'lt in gonadal involution in

hamstens. At least one nepont of cincadian variatjons in

melatonin binding has also appeaned (Anis et ?1., 1989).

Melatonin bind'ing to the median emin.n../purs tuberal js

region, (Vanecet< et â1., 1987; Mongan and lrJjlliams, 1989),

would be concondant wi th j ts nole in regu'lat'ing

neproductive and neunoendocrine changes. In sheep, some

nesearchens neport that me'latonjn bìnding occurred

exclusively in the pans tuberal is of the adenohypophys'is

( Morgan and l,tlj I I i ams, 1 989 ) .

Melatonin has been reported to inhib'i t cycì ic AMP jn

the pituj tary (Carlson et â1., 1989; Mongan et âl', 1989;

VaneceK and Vol lrath, 1990). Incneasing evidence is

accumulating that melaton jn b'inding si tes ane coupled to

adenylate cyclase via GTP binding proteins of the

jnhibj tony class (Mi les, 1989; Ni ìes, 1990; Daniolos et

â1., 1990).

The jssue of localizatjon of melatonin b'inding and

receptor sites nemains a veny controversial one. The

question of whether melatonin acts upon one, sevenal, or

many sites within the CNS and outside, is much disputed.

There is also the questjon of whether 'binding sj te'

studies repnesent genuìne physiologica'l neceptons. Since

melatonin's sjte(s) of action has not been defjnjtjvely
demonstnated, thjs has cneated persisting banrjens to the

-19-



undenstanding of its mechanism of action.

Neurotransmj tter Regu'lation of Honnxcnes

Thene i s a pauci ty of work publ i shed on the

relat'ionship between da j ly melatonin admin j stration and

neunotnansmi tter metabol i sm. Two gnoups of invest'igatons,

.independent'ly, have exam j ned the ef f ects of shon t

photoperiod upon monoamine activity in the hypothalamus of

male hamsters. Steger and colleagues found signjficant

ef f ects of shor t photoper iod upon catechol ami nerg'ic

metabol ism in the mediobasaì hypothalamus Decreased

dopamine (DA) tunnoven was demonstnated ìn a numben of

expeniments jn mediobasal hypothalamus (tvlgH) (steger et

ê1. , 1985; 1986) and Ìnore specif ica'l 1y in the med'ian

eminence (ME) (Stegen et â1., 1985; 1986). Sìgnificant

inhibi tion of norepinephn'ine turnoven was also demonstrated

in medial pneoptic/scN extracts (steger et â1., 1983), MBH

(Stegen et â1., 1983), ME/MBH (Steger et â1., 1984) and ME

tissue samples (Stegen et â1., 1985; 1986). Benson ( 1987) 
'

concordant with Stegen, also denpnstrated decneased DA and

NE tunnoven after nine and twe'lve weeks of shont

photopen'iod exposure. Benson also found s'ign j f icant

effects of shont photopeniod upon the serotonengic system

in male hamstens. Increased concentrations of the

senotoni n metabol i te, 5-hydroxyi ndoleacet i c acid ( 5-HiAA )

in MBH was denpnstrated as we'l I as an i ncneased 5-HIAA/5HT

rat io ( Benson, 1 987 ) .

-20-
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It js wel I documented that nonepinephrine is the

principaì neunotransmi tter -involved in the stimu'lation of

LH and FSH re'lease (ìilei nen and Ganong, 1978; Me j tes and

Sonntag, 1981 ) . NE is also considered to faci I i tate

pnolactin and TSH release (,lobin et âl . , 1975; I'tlejnen and

Ganong, 1978; Mei tes and Sonntag, 1981 ) .

Senotonengic stimulat jon of pnolact jn release is wel I

documented i n the I i teratune (l,,Jei nen and Ganong , 1978;

clemens et ô1., 1978; Meites and Sonntag, 1981; Van de Kar

et ôl . , 1989 ) . Some reseanchens argue that the

serotonengic system has an inhjbi tory effect upon

gonadotropin (LH, FSH) nelease (Schnejden and McCann, 1970;

lilei nen and Ganong , 1978 ) .

Thene js cons'iderable evidence for dopamine's

inh jbi tony rncdulat jon of prolact jn nelease (Gudeìsky, 1981 ;

Tuomjsto and Mannisto, 1985). Dopamìne's modulatory nole

in LH and FSH secnetion rema jns a d'isputed one' however,

some researchens have documented evjdence of an jnhibitony

role for DA in the regulat jon of TSH release (Foond et ô1.,

1980; Ben-Jonathon, 1985) .

0then substances, inc'luding neunotnansmj tters,

neunomodu'latons, amjno acids and honnrones' especially the

gonadal stenojds, are be'l 'ieved to play signif jcant roles in

the negulation of pnolactin, LH, FSH and TSH nelease.

Acetylchol ine, GABA, histamjne and the opioids ane bel ieved

to j nf I uence horrncne regu I at j on (t',Jei ner and Ganong , 1978;

Meì tes and Sonntag, 1 978 ) .
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In the expeniments penfonmed by Benson ( 1987 ) , and

Stegen and cowonkers (1985; 1986), the transmitter changes

documented were accompanied by manl'ted testicular atnophy

and inhibi tion of spenmatogenesis. These changes in

catecholamine tunnoven found in male hamstens maintained in

a short photoperiod, wene not secondary to reductions in

testosterone level s, as demonstrated by Stegen and

col labonatons ( 1986).

Steger et â1., ( 1985), suggest that dai ly melatonin

injections produce simi lar neunochemjcal and neunendocnine

effects as those el jcj ted by exposune of hamsters to shont

photoperiod. The question js then naised as to whethen

melatonjn also acts via hypothalamjc neunotnansmittens.

Experiments performed by Benson (1987) as welì as by Stegen

and cowonKers ( 1986), uti I jzed male hamsters excìusiveìy.

No experiments relating the effects of melatonjn

administration upon neunotransmj tter tunnover have

pnesent ly been pubì i shed. Since females may be mone

sensitive to seasonal changes in photoperiod (Demanest and

Moone, 1981 ) , they may also be n¡one sensi t jve to melatonin

'in ject i ons .

Gonada I Honnx¡nes and Neunot r ansm'i t ter s

Both estrogen and pnogesterone can have effects upon

neunotransmi tter metabol ism that ane h'ighly dependent upon

the stage of the estnous cycle and the pì asma

concentnations in relation to each other (Ben-ulonathon,

-22-
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1985). The ovarian stenoids can have vanied effects upon

transmj tter activi ty jn dì ffenent hypothalamic nuclei as

wel I as in extnahypothalamic structunes (Crowley, 1982).

Estradjol administration can decnease dopamine levels in

the medi an eminence (Gudeìslty et âl . , 1977; Demarest et

ê] ., 1984), can dinectly antagon'ize the jnhjbjtory action

of dopam'ine (Raynpnd et âl', 1978), and stimulate

prolact jn nelease (Eil<enbung et â.|., 1977). Progestenone

can jncnease norepìnephnine tunnoven jn the medjan emjnence

(Cnowley, 1982), but not in the peniventnicular nucleus.

Progestenone has also been shown to increase DA tunnoven

(Cnamer et aì., 1979). Both estrogen and pnogestenone

af fect the activi ty of the enzyme tyrosine hydnoxylase 'in

the hypotha I amus (hlang and Por ter , 1986 ) ' The ovar i an

steroids s'ign'ificantly alten 5HT synthes'is and nelease in

senotonergic neunons pnojecting to the hypothalamus (rJames

et â1., 1989).

0bjectives of Curnent Investigation

Pnevjous investigatons have suggested that dai ly

aftennoon melatonin injectjons in hamstens cause simi lan

neunoendocrjne and neunochemjcal changes as those induced

by maintenance in a short photoperiod (Reiten, 1980; Stegen

et â1., 1985). Shont photoperiod induced changes 'in

monoamine metabolism have been documented in male hamsters

(Steger et ê'l ., 1986; Benson, 1987). The f inst objective

of the present study was to detenmjne whethen melatonin
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administration influenced catecholamine (DA and NE) and

senotonin (5HT) metabolism in the endocnine hypothalamus of

female hamsters.

A general assumption is that melatonjn acts within the

hypotha I amus (StanKov and Re'i ter , 1989 ) . A second

objectjve of the pnesent study was to detenmine whether

me I aton i n i nf 'l uences monoami nerg i c tunnoven in

extrahypothalamic neg'ions of the brain, including posterior

pì tu'i tany, amygda I a , and str i atum.

The fj rst two object ives of the study thus wene

intended to pnovide informatjon on four di ffenent

dopaminergic systems ( tubenojnfundibulan,

tubenohypophysea'l , mesol jmbic and nignostrjatal), as well

as senotonerg'ic and noradrenergic systems onigìnating jn

bnain stem nuclei.

Cons'idering the estabì ished inf luence of the ovan jan

stenojd honmones (estradiol and pnogesterone) upon

neunotnansmj tten tunnover, the development of a

gonadectomjzed model was necessjtated. A thind objective

was to distinguish between djnect effects of melatonin

administration on npnoamine metaboìism from indinect

effects whjch wene secondary to melaton'in-induced

alteratjons in cinculating levels of gonadal stenoids.

The final objective was to examine the relationship

between the honmonal (LH, PRL, and T4) changes found jn

me I atoni n- treated hamstens and the mel atoni n- i nduced

al tenations in dopaminerg'ic, noradnenengic, and
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senotonengjc metabol i sm.

MATERIÀLS AND METHODS

AnimaLs

Sìxty-four 9 week old femaìe Syrian hamstens (strain

Lalt;LVG, Charles Riven, St.Constance, Quebec) wene used in

this study. They wene ltept unden contnol led I ighting

(141l10D) and tempenature (ZZ t 2'C) conditions. L'ights

came on at 0400 hns and wene shut off at 1800 hns. Light

intensity at cage level was appnoximately 200 footcandles'

The hamstens wene housed 4 pen cage with food (TeKlad

rodent diet ) and water avai lable ad I ibi tum.

Experimental design

The hamstens wene acc I imat ized to the I aboratony

condi tions for one weeK prion to being ass'igned to one of

the experimental groups. At this time, thinty-two (32) of

the hamsters were bilaterally ovariectomìzed vja a mjd'l ine

linea alba incision. An equal number of hamstens wene

subjected to a sham operation. Both ovaniectomized and

sham-openated gnoups of hamsters wene further divided into

two gnoups of 16. One gnoup neceived daily subcutaneous

'injections of 0. 1 ml phys'iologicaì saì ine; the other gnoup

neceived dai'ly injectìons of 25 micnognams of melatonin in

0.1 ml saline. All 'injectjons wene administered between

1600 and 1700 hrs.

Af ten 5 and one-half weeJ<s of tneatment vag'inal smears
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were taKen and examined to detenmine whethen the animals

were cycl ing.

Af ten 10 weel<s of tneatment, both the sa'l ine-injected

and the mel atoni n- injected gnoups of hamsters were

subdivided into two gnoups (of N = 8), whjch were Kj'l led by

decapi tation two hours after the

administnation of eithen 0.2 ml saline on 20

(a monoamine oxidase inhibitor) in 0.2 ml

animals were killed between 1200 and 1600 hrs.

removed and inmed'iately fnozen on dny ice.

subcutaneous

rng pargyl jne

sal ine. Al I

Bnains wene

The antenior

the bnains were pantiaìly
the medi obasa'l hypotha I amus

of tjssue a circular punch

and posterior pi tui taries wene nen¡cved (separately) and

fnozen on dny ice.

Radi oimmunoassays

Serum was col ìected and stoned fon honmone assays.

Luteinizing honnpne ( LH ) concentrations in serum and in

anterior p'i tui tary u/ene detenmjned using NIAMDD neagents

and pnotocol. Prolactin (pnl) concentrations in senum and

in extnacts of pi tui taries were detenmined us'ing materials

and procedune of Soanes and co'l 'leagues (1983). Senum T4

levels wene detenmined using the conmencial assay of
Nuclear Medjcal Labonatonies (TETRA-TAB RIA, Dal las,

Texas ) .

Catecholamine determination

At the time of dissection,

thawed. A one nm deep slice of

was dissected; from this slice
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of tjssue (Z nrn diameter) containing the medjan eminence

and arcuate nucleus was nenpved. The avenage tissue weight

(frozen) was 2.76 ng. A tissue punch of striatum (caudate

n. ) was taKen fnom a cononal section of hamster brain. The

average we'ight of this tissue was 2.65 rng. A t jssue punch

of amygdala was also taKen fnom coronal sections. The

avenage weight of these tissue punches were 3.50 rng. The

tissue sampìes (medjan eminence, stniatum, amygdala, and

postenion pituitany) wene stoned frozen unti I they were

pnocessed fon high penfonmance I iquid chromatognaphy

(HPLC). At this time the tissues wene weighed, homogenized

in 0.1 N perchloric acid containìng the internal standand

di hydroxybenzyl amj ne ( DHBA 1 0 ng/ml ) and centr i fuged at

12,000 g for 5 minutes. The supennatants rÄtene f j I tened

wi th HPLC nylon f i I ters (0.45 micnon pone s'ize) prion to
i nject ion j nto the HPLC system. The monoamì nes,

nonep'inephr i ne, dopami ne, and senotoni n wene sepanated and

assayed by HPLC with electnochemjcaì detection (HPLC-EC).

The dopam'ine metabol j tes, dì hydnoxyphenyl acet i c acid

(D0PAC) and homovani I I ic acid (HVA) and the serotonin

metabol jte, 5-hydroxyindoleacetic acid (5HIAA) wene assayed

s j mu I taneous ìy.

Synthesis of monoamines was estimated as the

accumulation of monoamine (per houn) aften inhibition of

monoamjne oxjdase wi th pangyl ine ( 1 1 ) . Accumulation was

calculated by subtnactjon of mean monoamine concentratjons

of hamsters not receiving pargyì ine fnom monoamine

.:.Ë-
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concentnatìons of hamstens injected wj th pargyl ine two

houns pnior to sacnifjce. Panygìine is a non-competitive,

non-selective inhibi ton of rnonoamine oxidase A and B at

h'igh doses. Panygline is an irnevensible inhibitor of

monoamjne oxidase; ìt inactivates the flavin pnosthetjc

group of MAO foìlowing the oxjdation of panygline to its
reactive intermedi ates.

The HPLC system consisted of a BecKman solvent

del iveny system (Model 114M) , an A I tex 'in jector (Mode I

2104), and a 10 cm C-18 column (Chnomatography Sciences

Co., Canada). The electnochemìcal detector (fS¡ Model

51004) was equipped with a hìgh sensitivity cell (ESA Model

5011). The detector was set at a neduct'ion potential of

-0,35 volts (wjth a conditioning cell at +0.40 volts). A

Shjmadzu integrator (Model C-R3A) was used to recond and

'integnate peal< areas , and to ca I cu I ate content of

nx¡noam j nes and metabol j tes. The nrobi le phase cons j sted of

60 mM sodjum acetate, 122 nM EDTA, 762 nM octane

sulphonate, 7% methanol . The mobi'le phase was brought to a

pH of 4.25 wj th glacial acetic acid.

Statistical analysis

All of the data wene subjected to analysis of variance

(anova). Thnee-way anova (Treatment: saline vs melatonjn;

Sungeny: sham vs gonadectomy; Dnug: saljne vs pangyljne)

hras used to analyze the horrncne data and the monoamjne

data. Two way anova (Tneatment x Sungery) was used to

analyze the data on monoamine accumulation aften pargyljne
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admnistnation. The data wene then subjected to Student's

t-tests. Statistical significance was considened as a p

value of less than 0.05. The following levels of

signifjcance, howeven, ane distinguished: p ( .05, p < .01,

p < .001 . F'igunes are distributed thnoughout the text

whi le Tables ane located in the appendix

RESULTS

Effects of melatonjn and ovaniectomy on PRL, LH and Í4

As in previous stud jes wi th simi lar pnotocoìs of
melatonin administnation (TnaKulnungsi et â1., 1979),

cessatjon of estrous cycles wene obsenved in melatonjn-

treated hamsters by I - 10 weelts of treatment. As expected

(Reiter, 1980), p'i tuìtany and serum PRL were significantly
neduced (p < .001, by anova and p < .001, vja t-test), by

melatonjn admin'istrat jon (Table 1; Fig. 1). Analysjs of
varjance indicated that injectìons of melatonin resulted in

a s'ign j f icant (40%) ovenal I incnease ìn pi tui tary content

of LH (p < ,05) (Table 1). Senum LH values jn intact,
melatonin-tneated hamstens wene signi f icant'ly decneased (p

< .05, by t-test) (f ig. 2). Although not qu'i te as dnamat jc

as ìn pnevious studjes ( Vriend et âl . , 1982 ) , melatonin

adminjstration resulted in signjfjcant neductions in senum

T4 concentrat jons (p < .05, by anova) (F'ig. 3). Pangyline

tneatment also decneased plasma 14 levels (p < .05, by

anova) (fig. 3). These data confinmed the effectjveness of

melatonjn in the pnesent study.

.....1L--
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FIGURE 1: Senum pnolactin leveìs in female hamsters.

C - Contnols (Sham-openatedi Saline-injected) ;

P - Pangyìine admìnistered 2 houns prior to

to sacnifice;
M - Me I atoni n admi ni stered dai ]y f or 10 weeKs ;

GX - Gonadectomy (ovariectomy) penformed at the

beg 'i nn i ng of t he exper i men t .

* p < .05, companed to jntact controls
** p < .01, compared to intact contnols
*** p < .001, companed to intact, on

gonadectomized contnol s .
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FIGURE 2: Serum LH levels in female Syrìan hamstens.

C - Contnols (Sham-operatedi Saline-injected) ;

P - Pangyline admjnistered 2 hours prior to

sacrifice;
M - Melatonin adminjstered dai ly fon 10 weeks;

S - Saline administened daiìy fon 10 weel<s;

GX - Gonadectomy (ovanìectomy) penfonmed at the

beginning of the expeniment.

* p < .05, compared to intact controls.

cY p < .05, compared to intact
pargyl ine- tneated contnol s.
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FIGURE 3: Senum T4 levels in female Syrian hamsters.

C - Contnols (Sham-operatedt Sal ine-injected) ;

P - Pangyljne administened 2 houns prjon to
sacrjfjce;
M - Melatonjn adminjstened daily for 10 weeKs;

S - Saljne admjnistened daiìy for 10 weeks;

GX - Gonadectomy (ovariectomy) perfonmed at the

beginning of the experiment.
¡F p < . 05, compared to pargyl j ne- treated,

intact contnoìs.
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As anticipated, ovariectomy led to a manked incnease in

p'i tuitany levels of LH (p < .001, by anova), whjle

pituitary PRL concentnations wene neduced to a fraction of

contnols (p < .001, by anova) (taUle 1). Senum 'levels of

LH and PRL were qu'i te var i able i n i ntact contno'ls as wou ld

be expected jn female hamsters at diffenent stages of the

estnous cycle. Senum levels of PRL, however, wene

signifìcantly reduced by ovaniectomy (p < .05, by t-test)
(fig. 1 ). No sìgnificant effect of ovaniectomy on plasma

T4 concentrations was detected (fig. 3) by anova, and no

significant interaction effects associated wi th ovariectomy

wene found.

Senotoni n (5HT ) metabol 'ism 'in medi an emi nence

0variectomjzed hamstens (not receiv'ing melatonjn on

pangyline) naO sìgnificantly lowen (p < .05, by t-test)
median eminence content of sHT than contnols (Table 2; Fig.

4). Anova indicated that the nernoval of the ovaries

resulted in an overall decnease in 5HT content of the

median emjnence (p < .05) , No s jgni f jcant indivjdual

differences attnibutable to meìatonin administnation could

be detected by t-test. Howeven, a smal I , but sìgnj f icant,

overall incnease in sHT content of the median eminence of

melatonjn tneated hamsters was noted by anova (p < .01)

(Tabìe 2; Fig. 4).

The accumulation of 5HT aften pangyìine admjnistratjon
(pglnq/hn ) was not s'ign'if ìcant ly inf luenced by ei ther

-36-



FIGURE 4: Effects of melatonin on serotonin (sHT)

concentnations (pg/ng) in median eminence.

C - Contnols (Sham-openated; Saline-injected) ;

P - Pangyline administened 2 houns prìor to

sacnjfjce;
M - Melatonin admjnjstened dai ly fon 10 weelts;

GX - Gonadectomy (ovaniectomy) penformed at the

beg'inning of the exper jment.

* p < .05, companed to intact controls.
Anova showed an ovena I I me I aton'in- i nduced

increase in SHT concentrations (p < .01 ),

in addition to a decrease in sHT content

induced by gonadectomy (p < .05).

Pangyl ine treatment manKedly incneased

sHT concentratjons (p < .001)

Pangyline f = 116.86 (p < .001)

Melatonin f = 7.54 (p < .01)

GonadectomyF=4,99 (p<.05)
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FIGURE 5: Effects of me'latonin on serotonin accumuìation

i n med'ian emi nence af ter admi ni strat ion of

pargyl i ne.

C - Controls (Sham-openatedi Saline-'injected) ;

M - Melatonjn administered daj ly fon 10 weeKs;

GX - Gonadectomy (ovariectomy) perfonmed at

t he beg'i nn'i ng of t he expen i men t .

S - Sal'ine adm'inistened daily fon 10 weeKs.
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melatonjn tneatment or by gonadectomy (fig. 5).

No significant effect of gonadectomy was obsenved on

5HIAA content or on the disappeanance of 5HiAA (pglnglhr)

after pargyl ine adminj stnation ( Table 3 ) . Melatonin

adminjstnatjon nesulted jn a significant (p < .05, by

anova) increase ìn SHIAA content in hamsters not tneated

wj th pangyl ine. The di sappeanance of 5HIAA after

administnation of pangyline (Fjg. 6) was also sìgnìficant'ly
gneater in melatonin-treated hamstens (p < .01 , by anova) .

Melatoninsign.ificant1yincneased5HIAAdisappearance(p<
,01, by t-test, Fig, 6) in median eminence.

Catechoìamine metaboìism in median eminence

Ovariectomy nesulted in a significant (p < .01, by t-
test ) increase in DA concentrations after pangyl ine

adminjstnat'ion (Table 2; Fig. 7ll.

Anova indjcated a highly signjfjcant overall effect of

melatonin administration (p < .001 ) . An interactjon effect
(p < .01 ) in the anova (pangyl jne x melatonin) suggested

that the jnhìbi tory ef fect was primani ly in the pargyl ine

tneated hamsters and this was confinmed by t-test. In both

intact (p < .05) and ovanjectomized (p < .01 ) hamstens

significant inhibitony effects on DA content after
pargyljne was observed (Table 2; Fig. 7).

Caìculatjon of the accumuìation of DA after pangyline

indicated a signj fjcant incnease (p < .01 ) jn

ovanjectomjzed hamsters (fig. 8). Aìthough DA acoumulation

-41 -



FIGURE 6: Effects of melatonjn on disappearance of 5HIAA

(pglmg/hr ) aften admjnistratjon of pangyl ine in
median eminence and striatum (caudate nucleus).

Sal. - Saline treatment fon 10 weel<s; (both

sham-openated and gonadectomjzed hamster's )

Mel, - Melatonin treatment for 10 weeks; (both

sham-openated and gonadectomjzed hamstens)

** p < .01, compared to contro'ls.
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FIGURE 7: Effects of melatonin on DA concentnations

( pg /tng ) i n med i an emi nence .

C - Contnols (Sham-operated; Sal jne-injecetd) 
;

P - Pangyline adminjstened 2 hours prion to
sacnifice;

M - Melatonin administened dai ly for 10 weel<s;

GX - Gonadectomy (ovanÍectomy) performed at

beginning of the experjment.

* p < .05, companed to pargyline-tneated intact

contnols.
** p < .01, companed to pangyline-tneated

gonadectomi zed contnol s .

e p < .001, companed to all other groups.
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F ]GURE 8: Effects of melatonjn on dopamine accumulation

( pglnglhr ) j n med j an emi nence af ter

administratjon of pangy'l ine.

C - Contnols (Sham-operatedi Sal jne-injected) 
;

M - Melatonjn administened daj ly for 10 weel<s;

GX - Gonadectomy (ovariectomy) penfonmed at

beginning of expeniment.

* p < .05, compared to intact contnols.
** p < .01, compared to ovanjectomjzed (GX)

contnol s.
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was decneased by me'latonin in both intact (to 22% of that
of intact controls), and ovaniectomized hamsters (to 9% ot
that of ovariectomized contnols ) , this was rnone signi f icant
in ovaniectomized animals (f ig. 8) .

Concentnations of the DA metaboìites, D0PAC and HVA,

wene not signifìcantly influenced by ejthen ovariectomy on

melatonin administration (Table 2l ,

Concentratjons of nonepi nephr ine ( NE ) wene not

s'igni f icant ly inf luenced by melatonin admin j stnat jon or

ovariectomy (Table 4). The accumulat'ion of NE af ten

pangyline tneatment, however was significantly decreased by

melatonin in ovariectomized hamstens (p < ,025, by anova)

(fig. 9). In fact, in gonadectomized hamstens treated with
melatonin, no incnease in NE after pangyl ine was

derrr¡nstnated,whencomparedtoovariectomjzedcontro]s(p<
.05, by t-test) (fig, 9).

Dopamìne metabolism in posterion pituitary

An overal I signi ficant inhibj tory effect was

demonstrated by melatonin admjnistration on the content of
DA and i ts metabol i te, DOPAC 'in posten jon pì tui tany (Tabìe

5 ) . DA concentnat jons i n i ntact mel aton'in/pargyl i ne

treated hamsters wene signì ficant ly decneased fnom

respective contnols (p < .05, by t-test). No significant
effect on DA on NE accumulation aften pargyl jne

administnation was detected (Table 6).
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FiGURE 9: Effects of melatonin on norepinephrine (NE)

accumulation (pgln€/hr ) in median eminence

after administration of pangyl ine.

C - Controìs (Sham-openated; Saline-injected) ;

M - Melatonin adminjstened daì ly fon 10 weeks;

GX - Gonadectomy (ovariectomy) perfonmed at

begìnning of expeniment ;

S - Saline tneatment for 10 weelrs.

,k p < . 05 , companed to ovan i ectomi zed (GX )

controls.
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FiGURE 10: Effects of melatonin on sHT concentnations

(pglnq) in striatum.

C - Contnols (Sham-openated; Saìine-injected) ;

P - Pangyline admjnjstened 2 houns pnion to

sacnifice;

M - Melatonjn administered daj ly fon 10 weeks;

S - Sa I i ne admi ni stered f or 10 weelts ;

GX - Gonadectomy (ovaniectomy) performed at

the beginning of the experjment.

* p < .05, companed to intact contnols.

Anova showed an ovenal I incnease in sHT

concentnations jnduced by melatonin jn

non-pargy'l i ne groups .

- 51 -
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Monoamine metabolism in striatum

Ovaniectomy did not signifìcantly jnf'luence senotonin

(sHT) concentrations in stniatal tissue punches (Tab'le 7;

Fig. 10). Anova indicated incneased senotonjn content jn

stn jatal sarnples of melatonin but not in pargyl ine treated

hamsters (intenactjon effect, p < .05). Concentrations of

SHIAA wene significantìy incneased by melatonin treatment

(interaction effect, p < .01, by anova) in hamsters not

treated wj th pargyl ine (Table 3) . Also, ovan jectomized

melatonin -tneated hamstens had significantly higher SHIAA

concentnations than sal ine-tneated, ovarjectomized anjmals

non-pargyl'ine injected (p < .05, by t-test). The

dìsappeanance of 5HIAA aften pangyljne was sìgnìficantly
jncreased (p < .01 , by anova) by administration of

melatonin (fig, 6).

No s'igni f jcant ef fects of ovaniectomy on of melatonin

admi ni strat ion could be detected i n DA on NE

concentnat ions, or" i n the content of the DA metabol j tes,

D0PAC or HVA (Table 4, 7\. No significant effects of

ejther tneatment was obsenved on the accumulation of NE,

5HT on DA after pangyljne administratjon (Table 8; Fig 11,

12) .

Monoamjne metabolism in amygdala

Concentratjons of NE, 5HT, and

s'ignj ficantly dj ffenent in ovaniectomjzed

-53-
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FIGURE 1 1: Effects of melatonin on sHT accumulation

(pglmg/hn) 'in stnjatum aften administration of

pangyline.

C - Controls (Sham-operated; Sal ine-injected) ;

M - Me I atoni n admi n'istered dai ly f or 10 weeKs ;

S - Saline administered daily fon 10 weeks;

GX - Gonadectomy (ovaniectomy) penfonmed at the

beginning of the expenjment.

* p < .05, companed to intact contnols.

Anova - no s'ignif jcance denronstrated.
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FIGURE 12: Effects of melatonin on DA accumulation

(pglrng/hn) jn strjatum aften administration of
pargyl ine.

C - Contnols (Sham-operated; Sal jne-injected);

M - Melatonin adminjstered dai ly for 10 weeKs;

S - Sa I j ne adm j ni stered daj ]y for 10 weet<s;

GX - Gonadectomy (ovan'iectomy) performed at the

beginnìng of the expeniment.

..ì&:..ìi-

-56-



G
t a a a

D
op

am
in

e 
(p

g/
m

g/
hr

.)

-L
ç_

{ a a a

oR =
Q



FiGURE 13: Effects of melatonin on sHT accumulation

(pgln'g/hn ) jn amygdaìa af ter administnation of

pargyline.

C - Contnols (Sham-operated; Saline-injected) ;

M - Melatonjn adminjstered daiìy for 10 weeks;

S - Saline admjnistered daily for 10 weel'ts;

GX - Gonadectomy (ovariectomy) perfonmed at the

beg ì nn'i ng of t he exper i men t .

** p < .01, compared to ovariectomized (GX)

contnols.
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FTGURE 14 Effects of melatonin on d'isappeanance of 5HIAA

(pglmg/hn ) in amygdala after admjnistnation

of pangyl ine.

C - Contnols (Sham-openated; Sal jne-injected);

M - Melatonjn admjnjstened da'i ly for 10 weeks;

S - Saìine admin'istened da'i ly for" 10 weeks;

GX - Gonadectomy (ovaniectomy) penfonmed at the

beginning of the experiment.

* p < .05, compared to controls.
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FIGURE 15: Ef fects of melatonin on norep'inephrìne (NE )

accumulat jon (pglrnglhn ) af ten administration

of pangy'l ìne in amygdala.

C - Controls (Sham-openated; Sal ine-injected);

M-Melatonjnadmjn.istereddailyfonl0wee}<s;

S - Saline admin'istered daily for 10 weeKs;

GX - Gonadectomy (ovaniectomy) performed at the

beginnìng of the exPeniment.

** p < .01, compared to ovariectomjzed (GX)

contnol s,
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tneated hamsters (Tabtes 4, 9, 10 ) . A'lthough no

s'igni f icant di f fenences cou'ld be detected in the 5HT

content in the amygdala of melatonin-tneated animals,

signjficant decneases in 5HT accumulation after pangyline

was demonstrated as an interactìon effect - the neductions

jn sHT tunnover wene found in only the ovaniectomìzed

hamstens tneated wjth me'latonin (p < .025, by anova) (fig.

13). There was an ovenal I signjficant incnease jn the

disappearance of SHIAA aften pangyline in ovaniectomjzed

hamstens (p < .05, by anova) (fig. 14).

Although concentnations of NE in the amygdala wene not

signjficantly djffenent (Table 4), melatonin administration

nesulted in a sìgnificantly decneased accumulation of NE

after pangyì ine (p < .05 by anova ) in ovariectomjzed

hamstens only (melatonin/ovariectomy intenaction F=5. 06) .

No signjficant effects of melatonin administnation upon DA

accumulation aften pangyline, howeven, could be detected in

the amygdala tissue punches (Table 10). Thene urene

sign'i ficantly incneased D0PAC and HVA values in GX hamsters

not tneated wjth melatonin or pangyline. Thjs was shown to

besÍgnjfjcantvjaanjnteractioneffectintheanoVa(p<
.05, Table 10 ) .

DISCUSSION

S i nce the worlt

demonstrat i ng that

induced an anestrous

of TamanKin et

afternoon me I atoni n

condi tion in femaìe

â1., (1976),

adm'ini stnat ion

Syr i an hamsters ,
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I numerous investigatons have studjed the effects of

melatonin on the secretion of pi tui tany honmones

panticuìarìy those involved in nep.noduction. The endocnine

hypothalamus is hypothesized to be a putative site at whjch

melatonin modulates the monoamine systems that ane jnvolved

ìn the negulation of hypothalamic and pì tui tany honrncne

release. The data derived fnom the pnesent study pnovìdes

dinect evidence that melatonin administration inf luences

the metabolism of serotonjn, dopamine and nonepinephrìne in

the endocrine hypothalamus. Although the data also provide

evidence fon extnahypothalamjc effects of melatonjn on

nxcnoamjne metabol ism, the melaton jn-induced changes in

hypothalamic amines ane considened to be involved in the

negulation of secnetion of p'i tuitany honnxcnes.

Melatonin 'inf luences senoton jn metabol jsm;

No sìgn'i f icant ef fect of melatonin administnation on

the rate of sHT accumu'lation after pargyline administnat'ion

was found in the median eminence/ancuate regìon of the

hypothalamus (Fig. 5). This would suggest no effect of

melatonjn administnatjon on 5HT synthesis in this negion.

Howeven, incneased SHIAA levels (Table 3) as well as the

amount that disappeared after pangyl ine ( Fig. 6) , was

evjdence that melatonin admjn jstration did signi f icant'ly

i nf I uence senotoni n metabol i sm i n the medi an

emjnence/ancuate negion of the hypotha'lamus. Since the

melatonin-induced increase in 5HIAA content of the median

-6s-
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eminence/ ancuate negion was statistical ly unrelated to the

presence or absence of the ovaries, the data Suggest that

meìatonin inf luenced SHIAA concentrations independently of

varìations in ovanian honmones. Ovariectomy, by itself'

however, had a sma'l I but signì f icant inhìbi tony ef fect on

5HT content of the median eminence/ancuate negion (Table 2;

Fig. 4\.

Measurement of sHIAA i n t i ssue extracts has been

i ntenpneted by neunochemi sts as repnesent i ng catabol i sm of

excess jntnacellular sHT by rncnoamine oxjdase (Kuhn et â1.,

1986). The rate of synthesis of 5HT is not necessari ly

reflected in the tissue concentnations of 5HIAA. 5HT

concentratjons in nats and hamsters wene neported to be

higher dun'ing the daytime (Fenraro and Steger, 1990) , whi'le

5HIAA levels in nats may be higher during the dank phase of

the I ight-danl< photic cycle (Hery et ê.|. , 1972) '

Evidence for melatonin-induced incneases in the

content of SHIAA in the hypothalamus was denxcnstrated to

occur in male hamstens (Vniend et â.|., in pness). Simj lan

jncneases jn daytime 5HIAA content of the mediobasal

hypothalamus wene induced in male hamstens by short

photopeniod on by bl'inding (Benson, 1987; Vriend, 1989).

The present study nepnesents the fi rst repont of the

ef fects of me'!atonin administration on senotonin metabol ism

in femaìe hamstens.

The hypothesi s that the neuroendocr j ne effects of

melatonin ane mediated by central senotonengic neurons

. .....jrÈÊri:i.-.
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(originating from bnainstem raphe nuclei ), was based on

data denronstnating increased 5HT levels in rats aften

daytinre nrelatonin administration (Anton-Tay et ô1., 1968).

Sugden and Monris (1979) later showed that renìoval of the

pineal gland, the major source of melatonin production,

significantìy neduced 5HIAA leve'ls jn the hypothalamus,

midbrajn and hippocampus of the nat. Decneases jn

mediobasaì hypothalamic and bnainstem sHT and SHIAA levels

jn pinealectomjzed nats was also demonstrated by Aldegunde

and col ìabonatons ( 1987)'

A1 though no signi ficant effects of melatonin on

senotonjn synthesìs in the caudate nucleus was detected

(via ANOVA), s'ignif icant melatonin-induced incneases in

concentratjons of 5HIAA wene obsenved in thjs region (Table

3). Thenefone, the data do not appean to be consjstent

wi th a single si te of action fon melatonin on serotonergìc

neurons within the median eminence.

Statist'ical ly the jncreased 5HIAA observed in caudate

nucleus of mel atoni n- tneated hamstens lÂ/as unnel ated to the

presence on absence of ovanies. Thenefore thjs effect on

5HIAA is interpneted as occunring 'independent ly of

melatonin-induced changes in concentratjons of gonadaì

steroids. Thus the effect of mel atoni n on 5HIAA

concentrations wene simi lan in both median eminence/

ancuate region and jn caudate nucleus.

Decneased accumulation of 5HT aften pangyl ine

admjnistration in amygdala tissue of melatonin-tneated
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hamsters that wene ovariectomized (Fig. 13) suggested that

mel.atonjn administnation signif icantly inhibi ted senotonjn

synthesis in the amygdala. Since no sign'ificant inhjbition
was observed in jntact hamstens, the data suggest that the

presence of ovanian honrnones masl<ed an ef fect of melatonin

on senoton jn synthesis. The inhjb'i tory ef fect of melatonin

in gonadectomized hamsters pnovides evjdence fon an effect
of melatonin unnelated to any effects of gonadal sterojds.

Although the present nesults demonstrate that melatonin

inject jons sign'i f icantly inf luence senotoneng jc metaboì ism,

i t js not entireìy clear how this occurs. Does melatonjn

treatment shi ft the peak peniod of daytime senotonin

synthesì s? Does melatonin act di nect ìy on serotonerg'ic

axon tenmjnals, oñ celì bodies of serotonengic neunons

which distribute themselves to the caudate nucleus, the

amygdaìa and the median emjnence, oF does melatonin act on

other neunons whjch synapse on senotonergic neunons?

Melatonin inf luences dopam'ine metabolism;

Foun majon dopamìnergic systems are nepnesented jn this
cunnent investigation - the tubenoinfundibulan (median

eminence) , the tubenohypophyseaì (posterior pi tui tany), the

nignostriatal (caudate n, ) , and the mesol jmb jc (amygdala) .

Unl iKe the nignostriatal , mesol imbic on tuberohypophyseal

sys tems , the tubenoi nf und j bu I an dopam'i neng i c sys tem i s

chanactenjzed by an absence of tenminal autoneceptors, no

post-synaptjc membnane and an absence of a high-affìnity
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amjne neuptake mechanism (Demarest and Moone, 1979;

Annunzi ato and lrJei ner , 1980 ) . Dopami ne i s neleased f rom

the tubenoinfundìbulan tenminals directìy into the

hypophyseaì vessels, via exocytos'is.

The current investigatjon has provided strong evjdence

that melatonin admjnistnation reduced dopamine content in

the median eminence (Tabte 2; Fì9.7). The accumulation of

DA was gneatly inhibited in melatonjn-treated hamsters

(fig. 8) suggesting that this hormone manKedly inhibjts DA

synthesis in tubenoinfundibular neunons. in the median

em j nence of i ntact hamstens , the accumu'lat j on of dopami ne

after pangyline administratjon, was neduced to 22% of

controls, while in ovaniectomjzed hamsters the accumulation

was neduced to 9% of contnols by melatonin.

The data show'ing signi f jcant inh'ibi tory ef fects of

melatonin on DA synthesis in median emjnence/ancuate tjssue

(Fig. 8) , jn ovariectomized hamsters prov'ide evidence that

melatonin-induced inhibi tion of DA synthesis occunned

independently of changes in blood concentratjons of ovarian

stenojds. Since ovaniectomy increased the djffenences in

DA synthesi s between contno'l and melatonin- injected

hamstens, it appears that the pnesence of the ovanies

partial ly masKed the effects of melatonin in intact

hamstens.

The manKed increase in DA synthesis obsenved in the

median emjnence/arcuate negion jn ovariectomjzed hamstens

(Fig. 8) could be the nesult of an increase jn the act'ivity
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of the enzyme, tyrosine hydnoxylase. Beattie et.al ,

(1972), demonstnated a substantia'l increase jn tynosine

hydnoxylase activity in the hypothaìamus of the female rat

following ovan'iectomy. Incneases in the activity of this

enzyme have aìso been neponted in the nredian eminence of

the gonadectomized ma]e nat (K jzer et êl . , 1974) . One

intenpretation of the melatonjn-jnduced inhibi tjon of DA

synthesis in ovaniectomjzed hamstens (fig. 8) is that

melatonjn administnation decneased the activi ty of this
enzyme. A mechanism by which melatonin could achieve thjs
is via an .inhibition of cAMP synthesìs (Vanecel< and

Vollnath, 1990; [feaver et ê1., 1991).

Concentrations of DA metabol i tes, DOPAC and HVA in

median eminence/ ancuate tissue were not significantìy
inf luenced by ej ther ovariectomy or melaton'in

administration. It should be noted that because thene is

no reuptaKe mechanjsm fon the DA that js neleased fnom

terminals into pontal vessels, the concentratjons of DOPAC

and HVA are nelatively low jn the medjan emjnence region.

The levels of these metabolites thenefone do not nepnesent

a good method of measuring tunnoven. Re I eased

tubenojnfundibulan DA is not subjected to degradat'ion by

the enzyme catechol -0-methyl transferase (COMT ), sjnce thene

ane no synapses on post-synaptjc membnanes in thjs system.

Data der jved from the posten jon pi tui tary showed an

ovenal'l inhibi tory ef fect of melatonin tneatment on DA

content as wel ì as on the content of the dopamine
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metabol i te D0PAC (table 5 ) , Since the tubenohypophysea'l

neunons, like the tubenoinfundjbular DA neunons, opiginate

in the ancuate nucleus, the data raise the question of

whethen melatonin acts at this sj te, op on neurons

impinging on this nucleus. The DA data of the .posterior
pi tu'i tary should be interpneted wi th caut jon however, s'ince

analysis of var jance showed no s'ignif ìcant ef fect of ej ther

gonadectomy or of melatonin administration on DA synthesis.

The fact that there were no signjfjcant effects of

meìatonin administnation on DA content on turnover in
caudate nucleus of intact on of ovariectomized hamsters

(Table 7; Fjg. 12) suggest that DA metabolism within the

striatum was not jnfluenced by melatonin in the same mannen

as in the median eminence. Howeven, jt is possible that a

compensatory mechanism may be involved in DA activ'i ty in

the nigrostr jatal dopam'inengic system.

In the amygdala tjssue punches, DA accumuìation was

reduced to appnoximately 7% of contnols jn ovariectomized

hamstens wj th a sìgni f icant (p < .05 ) '¡ncnease in the

concentratjons of the dopamine metaboljtes DOPAC and HVA

(Tabte 10). Evjdence that melatonin had any effect on DA

metabolism within the amygdala, was ljmjted to the data

showing a signifjcant diffenence between HVA concentnations

of sal ine and melatonin ìnjected hamstens that s¡sÊê

gonadectomjzed. Melatonin adminjstnation appeared to

nevense the effects of ovaniectomy. Since the pnoducts of

COMT catabolism (3MT and normetanephrine) wene not measured



in the cunnent study, a cornplete account of DA metabol ism

i s not pnesented.

Melatonin has been neponted to inhibit DA synthesis and

nelease in vi tro. It has been shown to inhibi t DA

synthesis and nelease from retinal dopamìnengic cel ls

(Dubocovich, 1983; Dubocovich et ê1., 1985; Besharse et

ê.|., 1988) in rats and nabbjts. Melatonjn was demonstnated

to inhibit DA release fnom hypothalamjc tjssue slìces, but

not stnjatal sljces (Zisapeì et ã.|., 1982). Zisapeì and

Laudon, ( 1983) suggested that melatonjn decneases DA

nelease by neducing ca'lcium entry into pnesynaptic nenve

end j ngs .

Sevenal nesearchers describe an antagonj stic
nelationship between light and melatonin in the retina of

both marrna I i an and non-malTma I j an speci es . L'ight has been

shown to incnease the concentrations, synthes'is, and the

nelease of DA from netjnal dopaminengic cells (Iuvone,

1978, 1984; NowaK et â1., 1989; Iuvone, 1990). Nowak et

â1., (1989), suggested that DA activity in the retina is
synchnonized to the light-dank cycle.

Melatonin inf luences nonepinephnine metabol ism

Al though no signi ficant effects of melatonjn

adminjstration upon NE concentrations wene detected jn any

brajn neg'ion studied (Table 4) (medjan eminence, Posterior
pituitary, amygdala and striatum), NE accumulation after
pargyline was signjfìcantly reduced by melatonin, in both
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median emjnence/arcuate tissue and in amygda'la of

ovaniectomized hamsters (Fig. 9, 15). Th'is inhibition was

not obsenved in intact hamsters. These data suggest that

melatonin admjnistration reduces NE synthesis in female

hamstens and that detection of this effect is masKed in

intact hamstens by cycìjc variations in ovanian stenoids.

Sjnce the medjan eminence region of the hypothalamus has

been identified as a site at which ovanian honrnones

influence NE tunnover (Cnowley, 1982; Babu and Vijayan,

1984), the gonadectomjzed hamsten has províded a model

essential fon studying effects of melatonin adminjstnation

on NE metabol j sm i ndependent of cj ncu I at i ng level s of

estradjol and progesterone. Since sex steroid-bindìng

cel ls ane also found in extrahypotha'lamjc bnain regions

such as the amygda I a , the nat j ona I e for us'ing

ovar i ectomi zed hamsters for study'ing the ef f ects of

melatonin can again be emphasized.

Stegen and col leagues ( 1985), suggested that dai ly

I ate afternoon mel atoni n injectjons would have

neunoendocnine and neurochemicaì actions simi lan to those

'induced by short photopeniod. Decneased NE turnover u/as

demonstnated in medjan emjnence and medjobasal hypothalamus

of male Syn'ian hamstens exposed to a short photoperiod,

(Steger et ô1., 1984, 1985, 1986; Benson, 1987). The

pnesent data pnovide dinect evidence that melatonin

administnatjon inhibits catechoìamine synthesis in the

median eminence of female hamstens.
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in experiments performed on the rnouse, Fang and

Dubocovich (1990), denronstnated that activation of

me'latonin neceptor sites in the hypothalamus (not

hìppocampus on fnontal cortex), decneased NE tunnover. The

melatonin agonist, 6-chloromelatonin, retarded the

depletjon nate of NE elicited by the tyrosine hydnoxylase

inhjbitor, aìpha-methyl-para-tynosine, suggesting that

melatonjn neduced NE tunnover in the hypothalamus of the

rnouse. The melatonin antagon'ist, luzindole, signif icantly

accelerated the depletion nate of NE in the hypothalamus.

In funther expenimentation, Dubocovich et al., ( 1990),

demonstnated that the "anti-depnessant-l jKe" luzindole,

neduced the inmobi'l i ty of the behavional despai r test by

blocKing jn vjvo effects of endogenous melatonin. (This is

a test used to scneen dnugs wi th ant'i -depnessant- l ike

actjvjty; Porsolt et ô.|., 1977, 1978). Var i ous

ant'idepnessant drugs wi th di f ferent neurochemical actions

wene shown to antagonize the melatonjn-induced behavjoral

effects when injected into the nucleus accumbens of the

ventnal striatum in rats, (Gaffoni and Van Ree, 1985).

Aga'in the question is najsed of melatonin's mechanism

of act i on . The data i n the present study showing

melatonin-induced inhibition of catecholamine (ruf and DA)

accumuìation (fig. 8, 9, 15) in ovaniectomjzed hamstens

suggests that meìatonin inhibjted the actjvity of tynosine

hydnoxylase, the rate- I imi ting enzyme in catecholamine

synthesis. Stimulatony effects of light and jnhibjtory



ef f ects of danltness on tyros i ne hydnoxyl ase act i v'i ty have

previously been observed in nat and nabbit retina (Iuvone,

1978; Dubocovich et â1., 1985).

Ovaniectomy in female hamsters

The uti I ization of ovaniectom'ized hamstens was

necessany in the pnesent study to detenmine whethen

melatonin modi f ied monoamine metabol ism independent ly of

the presence of ovanian honrnones. Sh j f t'ing concentnations

of estradiol and pnogestenone over the course of the

estnous cycle cause alterations 'in transmitter metabolism.

Melatonin tneatment of the intact hamster pnoduces an

anestrous animal wi th an al tened steroid hormone

envjnonment chanactenjzed by low cjnculating levels of

serum estnadiol and abnormal pnogestenone sunges (rJongenson

and Schwartz, 1987; Vriend et ô1., 1987). Although

melatonin administratjon produces anestrous in female

hamstens, this treatment does not produce an animal with

the same steroid m'i leu as that found in ovariectomized

hamsters. Thus the gonadectomized hamster pnov'ided a model

essential fon studyìng effects of melatonin administnation

on monoamjnengic metabo'lism independent of changes in

cinculating levels of estradiol and progestenone.

The pnocess of ovanìectomy in hamsters maintained in

long photopeniod pnoduces marKed increases jn the pituìtany

content of LH ( Table 1 ) and FSH. Pj tui tany prolactin

however, decnease ( Rei ter et
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ô1., 1974; Stetson et â1., 1978). Senum levels of

prolactin are also decreased fol lowing ovariectomy (f ig,

1 ) . 0varìectomy, however, does not pnevent the dai ly
gonadotnopin supges that ane found in acyclic hamstens

maintaìned in shont photoperiod (.lorgenson and Schwartz,

1987 ) , This suggests that the periodjci ty of the

gonadotrop'in sunges may be neguìated by a neural clocK-

tjmed re'lease mechanism (Stetson et ê1., 1978), although

some wonltens disagnee wi th this theonetica] penspective

( 
'Jongenson and Schwar tz, 1987 ) .

Melatonjn' s moduìation of hypothalamic neunotransmj tter
metabol ism and the negulation of antenior pi tu'i tany honmone

ne I ease:

Does melatonjn inhibjt sHT stimulation of pnolactjn?

Melatonin's dramatic ant'igonadotnopic ef fects in Syrian

hamstens ane hypothesized to be due to i ts abi ì'i ty to

rnodify the metabolism of neunotransmjttens which negulate

the activity of hypothalamic releasing factons and anterion

pi tui tany hormones.

One i ntenpnetat ion of the data i n the cunnent

investigation is that reduced senum and pi tu'i tany pnolact jn

(PRL) in melatonjn-tneated hamsters (Table 1; Fig. 1),

nesulted fnom a melatonin-induced decnease in the nelease

of 5HT in the mediobasal hypothalamus. Senotoneng'ic

stimulation of pnolact jn nelease js wel I documented 'in many

spec'ies (Clemens et â.|., 1978; Van de Kar, 1982, 1989), and
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it has been demonstnated .that stimulation of brain stem

naphe nuclei elicits a prolactin sunge (nOvis et ê1., 1979;

Van de Kar and Bethea, 1982). Pnolactin release can be

stimulated via administration of sHT agonjsts. Conversely,

the d'i snupt ì on of 5HT neunot nansmi ss i on i nduced by

tneatment wj th 5HT antagonists, sign'if icant 1y decneases

senum PRL (Konden et ?1., 1973; Lawson and Gala, 1978).

Although no s'ignifjcant effects of melatonin in 5HT

synthesjs was detected jn the present study (fig. 5) , a

highly significant jncrease jn SHIAA in the hypothalamus of

melatonjn tneated hamsters was obsenved (Table 3; Fig. 6).

Diurnal vaniations in senotonengic metabolism must be

necognized when intenpneting the pnesent data. Enhanced

dayt'ime 5HT concentnat ions have been dernonstnated (Heny et

â1., 1972; Ferraro and Stegen, 1990), in nats and hamsters.

Incneased brain 5HIAA concentrations wene shown to occur at

night, dunjng darKness, jn the nat (Heny et â1., 1972).

Fernano and Stegen ( 1990 ) have conc I uded that sHT act i v'i ty

is synchnonized to the envinonmental light-danK cycle but

j s not dr i ven by an endogenous ci ncadi an pacemalter ( l i lte

the SCN). Rao and col leagues ( 1989), demonstnated jn a

clinical study, that bnight l'ights enhanced blood sHT

'levels thnoughout the daytime. The senotoneng'ic data

obtained fnom this present investìgation must therefone be

intenpneted with caution sjnce the time of animal sacrjfice

occurned duning the light peniod when endogenous sHT levels

are nonmaìly increased. Effects on sHT content, turnoven
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, and oxidative metabolìsm may be diffenent when animals are

sacrificed in the darlt, duning or nean the timing of the

acrophase of the endogenous melatonin cincadian nhythm.

Melatonin and DA inhibi tion of PRL ne'lease

The current data showing concomitant melatonin-induced

inhibi tion of tubenojnfundibular dopamìne (DA) (Table 2;

Fjg. 7, 8) and melatonin-induced inhjbition of senum and

pi tui tary levels of PRL (Table 1 ; Fig. 1 ) seems panadoxica'l

s jnce the prolactin nelease inh jbi tony activi ty of dopam'ine

is wel I documented (Gudeìslty, 1981; Ben-ulonathon, 1985).

Explanations for this panticular phenomenon ane not

inmediately obvious. One intenpretation of thjs concunrent

melatonin-jnduced decrease ìn dopamine turnover (fig. 8)

and in pituitany pnolactin secnetion (fig. 1 ) is that the

decreased DA synthes'is observed in melatonin-tneated

hamstens resulted from neduced posìtive feedbacK effects of

PRL on tubero'inf undi bu l ar DA neunons (Gude l sky et â I . ,

1976; GudelsKy, 1981 ). Tuberoinfundibular DA js partial ly

regulated by basal PRL levels. Howeven, ovaniectomy by

itself neduced PRL levels (Fjg.1) yet marKedly incneased DA

content and synthes'i s - therefore some othen exp I anat i on

should be consjdened (fig. 7, 8).

Reduced leve-ls of DA anniving at the anterior pituitary
may contnibute to the deveìopment of an increase in DA

necepton dens'i ty or up-neguìation of D2 receptors. This

could then lead to an accentuated lactotnope responsjveness
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to DA ( Ben- r.Jonathon , 1985 ; Stegen et a'l ; 1985 ) i n

melatonin-tneated hamstens (steger and Gay-Primal, 1990) .

Cheung and UJeiner (1976, 1978) and Cheung et ô1. , (1981)

demonstrated a supersensi tivi ty of anterion pi tui tany DA

receptons fo1 lowing destnuction of the mediobasal

hypothalamus. Steger and col leagues ( 1985), demonstrated

an enhanced pituitany sensitìvity to DA jnhibjtion in male

hamstens exposed to short photopeniod. Less DA was

nequined to suppness PRL in shont photoperiod and this
effect could be revensed by the pnesence of an ectopic

pi tui tany gnaft fnom hamstens maintained in a long

photoperìod ( 141/10D) . A 1 though the up- negu I at i on

hypothesis could pant'iaì 1y explain a maintenance of

concomitant low tubeninfundibulan DA and low PRL levels, it
does not sat jsfactori ly explain how the pnolactin 'levels

wene jnj tiaì ìy decreased by melatonin administnation.

Al tenations in DA tunnoven and the deve'lopment of up-

regulated on supensensitjve D2 neceptons, could prov'ide a

compensatony homeostatic mechanjsm by whjch hamstens

eventual ly become refnaðtory to melatonin on shont

photopen i od .

Another interpretatjon of the data in the present

investigation is that the inhibition of NE tunnover in the

medjan eminence may also have contributed to the decnease

jn secnetion of PRL, since NE is considened to facilitate
the honmone' s release (l¡Je j ner and Ganong, 1978; Andersson

et al., 1981, 1983).
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An a'l tennative explanation for the data f rom the

pnesent study js that DA may be the impontant tnansmitter

in shont-term regulation of PRL, but that long-tenm

inhibjtion of the honnone by Iight depnivation may be the

result of a non-dopamìnengic mechanjsm (Blask and Onstead,

1986). Thjs suggests that a conbjnation of transmittens

may be involved in the negulatjon of PRL secnetion. Such

an intenpnetation may involve senotonengic neurons which

oniginate fnom the bnain stem raphe nuclei (Vriend, 1989),

anO then imp'inge upon catecho'lam'ineng'ic neurons and inh jbi t

on enhance the nelease of DA into the hypophyseal pontal

vessels (Pi lott and Ponten, 1981 ) . Pi lott and Ponter

(1981) have reponted thein evjdence for 5HT jnhibjtjon of

DA release into pontal plasma. Kiss and Halasz, (1986),

documented their discoveny of synaptic connections between

senotonergic nerve tenminals and tyrosine hydnoxylase

containing neunons.

If melatonin is inhibi ting PRL secretion priman'i ly

thnough the senotonengic system, the decneased serum PRL

could neduce DA tunnover via a reduced positive feedbacK

effect.

Neunotransmjtter reguìation of LH secretion

It is wel l documented that NE is the principal

neunotransmjtter involved in gonadotnopin (LH, FSH) nelease

(UJei nen and Ganong, 1978 ; Me j tes and Sonntag , 1981 ) .

The decneased NE turnover jn median eminence (fig. 9)
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found in the GX/Melatonin group of hamstens in the pnesent

study, j s consj stent wi th the hypothesi s that meìatonin

intenferes with norma'l cycles of LH secnetion (fig. 2l and

elevates pituitary LH concentrations (Table 1).

There j s some contnovensy regardi ng the nrodul atony nole

of DA in LH secretion, Some neports suggest an inhib'i tony

ef fect (SimpKins et ê.|. , 1980; Mei tes and Sonntag., 1981) on

LHRH and hence LH secnetion by DA whi le othens neport a

st imul atory one especi a'l 1y i n con junct ion wi th NE (Negno-

Vi lar, 1982 ) .

Sevenal neponts suggest that 5HT plays an inhibi tony

nole jn LH release (UJeinen and Ganong, 1978; Mei tes and

Sonntag, 1981; Kalna and Kalra, 1983), however other

studies neport evidence fon a stimulatony role fon 5HT in

LH release. Thjs view is supponted by findings that

st imul at i on of senotonengic naphe neunons enhances LH

secretion (hlaloch et ô1., 1981). The present data show'ing

increased SHiAA jn mediobasal hypothalamus of melatonin-

tneated hamstens suggests that melatonin induces an

incnease in daytime oxidative metabolism of serotonin. The

present data ane consistent wi th a nole for 5HT in

melatonjn-induced negulatjon of LH but furthen studies ane

nequined to detenmine i ts pnecise nole in LH nelease.

Clemons et âl . , ( 1980 ) demonstnated that the melatonin

neceptor agon'ists, 6-chlonomeìatonjn and 6-f luoromelatonin,

inhibit the release of LH and the ovulatory pnocess in the

nat. Thus jn the pnesent study, ffi€latonin-induced changes
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in NE, DA, and/on sHT metabolism could contnibute to the

cessation of estrous cycì ic'i ty obsenved in intact

mel atoni n- treated hamstens .

Neunotransmitter regulation of T4 nelease

Inhibitjon of nonadrenergic neurotransmission has been

derncnstrated to decrease basal TSH levels (Krul ich et âl . ,

1977 I , Incneases in NE tunnoven elevates TSH levels

especial ly after acute exposune to cold ( Jobin et ôl . ,

1975). The ovenall decnease jn T4 (Fig. 3) shown in the

present exper iment , j s consi stent wi th the data

demonstrating an inhibj tion of NE accumulation aften

pangyl ine in the ovaniectomized hamsters tneated wi th

melatonjn in median eminence (Fì9. 9).

Reponts of both st'imulatory and inhibi tony ef fects of

brain 5HT on TSH secretion have been documented (Krulich et

âì., 1979; Smythe et â1., 1979). The data showing

incneased 5HIAA content (Table 3, Fig. 6) in median

eminence/ancuate negion of the hypothalamus (pnobably the

result of increased oxidative metabolism) suggest that

melatonjn-induced changes in 5HT release could jntenfene

wi th nonma'l cycìes of TSH release and thus neduce dayt ime

levels of I4. Funther studies on the effects of melatonin

on 5HT nelease and its effects on TSH and 14 secnetion are

requ i ned .

Dopam'inerg'ic jnhjbi t jon of TSH secretion is documented

in the literatune (Foord et â1., 1980; Ben-rlonathon, 1985).
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It has been suggested that dopamine inhibits both PRL and

TSH thnough activation of similan neceptors in the antenior

pituitany (Foond et â.|., 1983; Tuomisto and Mannjsto,

1985). An additiona'l hypothesis is that melatonjn

decneases the release of TRH fnom the PVN of the

hypothalamus. This would then account fon the low senum

levels of both PRL and 14 in thjs study since it is well-

documented that TRH is involved in the release of PRL and

TSH (Fig. 1, 3).

Melatonin b'inding - theories of mechanism of action

Specific melatonin b'inding has been neponted in sevenal

neg'ions in various species of manmals. The negions of

h'igh-af f jni ty binding that have been most neported in the

I i terature i nc'lude the SCN and the medi an emi nence of the

hypothalamus in addition to the pans tuberal'is reg'ion of

the pi tui tany. 0then areas wi th melatonin bind'ing jnclude

midbrain (ventral raphe complex), PVN of the thalamus as

well as the h'ippocampus (Bittman and l¡Jeaven, 1990).

Various reseanchers have reported locating high-

af f jni ty melaton jn bind'ing s j tes jn the pars tubena'l is jn

sheep (deReviers et â1., 1989; Morgan and Williams, 1989;

Mongan et â1., 1989), the fennet (ì¡Jeaven and Reppert, 1990)

and the ewe (Bittman and Uleaven, 1990), it is within this

negion that by fan the gneatest binding sj tes were

demonstnated in these studies. hleaven and Reppert (1990)

suggest that the pars tuberaljs plays an important role in

-83-



Y_

the medi at ion of me'latoni n' s neunoendocr i ne ef f ects . They

hypothesize that nrelatonin does not act in the bnain but

rathen acts thnough the hypothalamus wi thout necessari ly

b'inding to i t. They suggest that melatonin activates the

secretion of an unKnown substance fnom the pans tuberalis,

which tnave'ls to the extennal layen of the median eminence

and acts on tuberoinfundibular tenminals located thene.

Weaven and Reppert (1990) however, have not excìuded the

action of low-af f in'i ty melatonin receptors and the ef fects

of thein activation.
The pans tuberal js

medjan eminence negion

in veny close pnoximi ty to the

the hypothalamus. In nodents,

ts

of

such as the hamster, thene i s some di fficul ty in

dìfferentiating binding jn these two negions. The question

of whethen melatonin js acting in one of these adjacent

negions rlìore predomi nateìy than the othen , j n the Syn i an

hamster, presently rema'ins a contnovensìal one.

Hypotheses nelating the resul ts from the present

experiment wi th the melatonin binding data inc'lude the

intenpnetations that this indo'leamine acts on ei ther: one

sj te of actjon, several si tes on on many structures

thnoughout the body vi a a nìore genena I i zed mechan j sm of

action. If the fjnst jntenpnetation is connect, the most

plaus jble singìe si te of action might be the bnainstem

raphe nuclei - a region r jch in serotoneng'ic cel I bod jes.

These neunons pnoject thnoughout the bnain to aneas that

include the median eminence, striatum and amygdala - all
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whjch wene ana'lyzed in the present investigation. Oun data

dernonstnate signifjcant effects of melatonin on the

senotonengic system in al'l thnee of these regions. One

intenpnetatjon of the catecholaminergic data that would be

consistent wj th this single si te hypothesis is that

serotonergic tenminals 'impinging on noradnenengic and

dopam'inengi c neunons , are n¡odu'lat i ng thei r act i v'i ty. Thene

js some support fnom the litenatune for bind'ing in the

midbnain negion, however, in one study (B j ttman and hleaven,

1990), this was nestricted to the ventral naphe complex and

the inferion col I iculus only.

The intenpretation that melatonin acts on several

hypothalamic as wel I as extrahypothalamjc si tes is

consistent wj th the data demonstnating b'inding jn the SCN,

the median emjnence (Vanacel<. and rJansl<y, 1989; UJilliams et

â1., 1989), h'ippocampus (Anis et â1., 1989), the PVN of the

thalamus (Morgan and llli'l liams, 1989), and the retjna
(Dubocovjch and Taltahashi, 1987; Dubocovich, 1987). If
melatonin acted on the PVN of the hypothalamus (Pickard and

TuneK, 1983), and inhibited the neIease of TRH, the honn¡cne

which stjmulates TSH and PRL nelease, this would explain

some of the honmone data of the present invest'igation.

Unfontunately, the bind'ing data does not wel I suppont this
hypothes'is. However, th j s does not exclude the possibi I i ty

that neunons pnojecting from aneas that bind melatonin,

such as the SCN , are tenmi nat'ing i n the PVN.

Thene is some evidence showjng melatonin binding jn the
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hippocampa'l negion. Anis et â.|., (1989), demonstnated that

mornìng administratjon of melatonjn (without concomitant

late aftennoon injections) pnoduced a sìgnifìcant decrease

or down-regulation of [125 I] iodomelatonin binding sites.

This occurred on'ly in the hìppocampus, suggesting that i t

may be involved in the counterjnhibi tory effects pnoduced

wi th administnation of melaton jn jn the monn'ing. The

hippocampus js adjacent to the amygda'la, an anea which has

been demonstrated to be s'ignificantly effected by melatonin

administration in this study, This could repnesent a

pnom'ising negion fon futune investigation.
A cunrent hypothesis concenning the mechanism of

action of melatonin is that h'igh af f jni ty me'latonin binding

si tes act jvate guanine nucleot'ide binding pnoteins (C

pnote'ins) whjch regulate adenylate cyc'lase (Ni les, 1990).

Acconding to this model, melatonin receptons ane coupìed to

G pnote jns which jnhib j t adenylate cyclase.

Conc'l us i ons

The cunnent investigation i s the fi nst study to

denxcnstrate signi f jcant ef fects of daì ìy 'late af tennoon

me'latonin injections upon monoamine metabol ism in the

med i obasa I hypotha I amus of the fema I e Syn i an hams ten .

Melatonin marKed'ly inhibi ted DA and NE synthes'is as wel I as

incneased daytime oxidative metabol jsm of 5HT in this

region.
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Metatonin's inhibi tion of NE and sHT synthes'is jn the

amygdala and its stjmulation of oxidatjve metabolism in the

caudate nuc'leus den¡onstrate that the effects of melatonin

on rnonoamine metabol i sm ane not I imi ted to the mediobasal

hypotha I amus .

The data show'ing that me I atoni n admi nì strat i on

n¡odi f ies tnansmi tter metabol ism in the ovaniectomized

hamsten pnovides evjdence that some major effects of

melaton'in on nx¡noamine metabolism occur independently of

changes in circulat'ing levels of ovanian stenoid honmones.

Melatonin-induced interference wi th PRL and LH

secnetion can be accounted fon by nrelatonin-induced changes

in synthesis and release of npnoamines whjch inf'luence the

secnet i on of hypotha'l ami c hormones . Al though othen

jnvest'igatons have suggested that the neunochemical effects

of short photopen'iod can be dup'l 'icated by late af ternoon

adminjstnation of melatonin, the present study is the fjnst
to test this hypothesis dinectly. If melatonin affects the

neunotransmi tten systems and hormones in humans as i t has

been den¡cnstrated to do in Synìan hamstens in the cunrent

invest'igation, a much closer examination of melaton'in's

neun'ochemi ca I and neunoendocn'ine ef f ects i n man i s

wanranted.
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TABLE 1: Pituitary content of PRL and LH after 10 weeKs

of dai ly afternoon melatonjn (M) injections

in both jntact and ovanjectomized (GX) hamsters;

pargyline administratjon 2 hours prior to

sacnifice.

[ = 0.09

f = 114.50 (p < .001

f = 65.66 (p < .001)

Mel atoni n/Ovan i ectomy

Intenaction P = 71 .31 (p < .001 )

Anova of PRL data:

Pangyl j ne

Melatonin

Ovar i ectomy

Anova of LH data:

Pangy I i ne

Melatonin

Ovar i ectomy

Pargy I i ne/Ovari ectomy

Intenaction

f = 7.54 (p < .01)

f = 4.87 (p < .05)

| = 51.27 (p < .001)

P = 4.42 (p < .05)
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TABLE 1: Pituitary content of PRL and LH after 10 weeks of daily afternoon melatonin (M) injections
in intact and ovariectomized (GX) hamsters; pargyline (P) administration 2 hrs. prior to
sacrifice.

Treatment

I

N)
5'
I

Saline
(parg)

Melatonin
(parg)

GX - saline
(parg)

PRL

¡r g/mg s.e.

GX-melatonin
(parg)

*p<
**p<

9.87 t 0.57
9.69 t 0.12

.05 compared to saline controls
.01 compared to saline controls

1.38
1.29

+ 0.26**
0.18**+

1.79 + 0.44**
1.89 t 0.39**

LH
ng/mg s.e.

1.31 t 0.36**
0.79 t 0.15**

120 x 11
155 I 19

173 x 18
207 x 33

401 + 93*
507 t 103**

431 + 105**
843 + 120**



TABLE 2: Concentrations of monoamines and metabolites in median eminence.

Treatment

I

N)
(Jl

I

Saline
(parg)

Serotonin
pg/mg t s.e.

Melatonin
(parg)

1016
1727

GX-Saline
(parg)

+

Dopamine
pg/mg r s.e.

t
50
97

1094 + 73
1992 + 164

GX-Melatonin
(parg)

Significant pargyline-induced increases in serotonin (F = 166.86, p < .001)and in dopamine
(F = 13.67, p < .001) concentrations were observed.

981
1 302

805 I 48*
1557 t 151

l 131
t 179

*p<
**p<

HVA
pg/mg t s.e.

736 r 103
807 t 62*

1019 + 1 16
1799 + 66

.O5, compared to saline-injected controls
.01, compared to ovariectomized (GX) controls.

105 t 19
ND

993 r 83
2238 ! 324

Dopac
pg/mg + s.e.

992 + 166
1102 r 179**

87t 7
ND

85r 4
ND

87xs
ND

1O2 ! 12
ND

94r I
ND

98 t 10
ND

101 t 13
ND



TÀBI,E 3. EFFECT8 OF !ÍELÀTONIN ON CONCENTRÀTIONS OF sHTÀÀ IN T'ÍEDIÀN EMINENCE AND ËTRIATUI.Í

TREÀTI'TENT

I

N)
Or

I

Saline

(Pargyllne)

l.telatonin

(Pargyline)

GX - Eall-ne

(Pargyline)

sHIÀÀ CONCENTRÀTIONS
IN I-TEDIAN E!.IINENCE

pSlÃS t 8.8.

GX - Melatonin

(Pargyline)

398 t 25

121 t 18

Pargyline

Melatonin

ovariectomy

{ss t 13

110 I 13

r P < .05 conpared to ovarLectonl-zed (cX) controls

418 t 25

109 t 16

sHIÀA CONCENTRATIONS
IN ATRIATUI'I
pglÂS t 8.E.

¿1 68t28

96 + 9

/¡89 t 18

240 ! 21

P F = 545.00.**

!t F = 2.21

O F = .01

P/Df F = 5.60t

577 ! 4l

205 t 29

{s1 t 21

207 ! L7

52L ! L7t

22L + L6

P F = 285.91rtr

UF=3.92

O F = 2.52

P/M ¡, = 6.78*



TABIJE 4 ! EFFECTA OF ¡IELATONIT{ ON CONCENTRÀTIONS OF NOREPINEPHRINE (NE)

Tr€atment

I

H
l\)\¡
I

EalLne
(Pargyllne)

NE in
Hedian EmiDênce

pslE'çt + a.E.

llelatonÍn
(nargyline)

Gx-Saline
(PargylLn€)

L546 + 279
L720 1 293

cX - t{eletonin
(Pargyllne!

NE in
Posterior
Pituitary

pgln.g + 8.8.

L537
1785

Pargytine
l{elatonin

ovariectoEy

! 291
+ 288

L402
1A8¡l

188 + 17
2L7 1 32

+ 342
+ 300

1681 + 3¡17
1595 t 318

NE In
atriatum

pglnç¡ + a.E.

205
149

!L2
+15

P F = 5.52*
HF=O.01
OF=0.03

206 + 27
2s8 + 37

277 + 27
385 + 107

NE in
Àmygdala

pglnçt + a.E.

152 +
2L3 +

292 ! 32
307 t 21

16
2A

PF=0.83
MF=3.29
oF=o.{9

273 + SO

1L6 + 7l

853 t
es7 t

289 + 15
303 + {1

24
65

85¡¡ + 54
963 + 66

PF=3.32
üF=1.11
o F = 0.02

a52 + 17
1092 + 63

905 + 38
873 + {9

P F = 6.83i
HF=0.97
OF=0.35



TABLE 5: Goncentrations of DA and Dopac in posterior pituitary

Treatment

I

l..J
@

I

Saline
(parg)

Melatonin
(parg)

GX-Saline
(parg)

Dopamine
pg/mg È s.e.

* p < .05 compared to respective controls

GX-Melatonin
(parg)

1096 l 240
1341 t 95

828 + 171
867 r 151*

1167
I388

Dopac
Pg/mg + s.e.

+ 233
f66+

74O ! 147
1263 r 199

758 r 139
ND

404 + 46*
ND

553 r 156
ND

359 r 82
ND



TÀBI,E 6 3 EFFEcra or' I.lErrAToNrN oN DÀ ÀND NE Àccut{uLÀTroN AFTER pÀRcyr,rNE rN THE posrERroR
PITUITÀRY

I

N)I
I

Treatment

controls

llelatonLn

OvarLectonLzed

Ovariectonized
and

lifelatonin

AccumulatLon of
DA after Parg'ylLne

pg/ng/hr + a.E.

llelatonin (ll)

ovariectomy (o)

Interaction (I)

123 t

P < .05 compared to intact melBtonin-treated hansters

48

20 + 76

110 !

Accunulat,Lon of
NE after Pargyline

pglng/hr + a.E.

83

262 ! LOO

UF=0.09

OF=1.89

IF=2.31

L7 t

-19!8

16

16!19

31 ! 1{r

l{ F = 9.¡7

OF=2.75

I I' = 2.91



TABLE 7: Concentrations of monoamines and metabolites in striatum.

Treatment

I

(¡
a
I

Saline
(parg)

lserotonin
pg/mg t s.e.

Melatonin
(parg)

526 t 43
1133 t 96

GX-Saline
(parg)

lDopamine

ng/mg + s.e.

GX-Melatonin
(parg)

664 + 67
1000 r 79

tsignificant pargyline-induced increases in serotonin (F = 92.66, p < .001) and in dopamine
(F = 68.15, p < .001) concentrations were observed.

¿significant pargyline-induced decreases in the dopamine metabolites, HVA (F = 554.40, P < .001) and Dopac
(F = 495.98, p ( .001) were observed.

14.68 t 0.94
24.95 t 1.62

536 + 42
1167 + 121

,HVA

pg/mg t s.e.

17.60 + 1.25
23.82 + 2.12

643 + 30
1228 + 96

18.31 + 1.09
24.84 + 0.94

1215 + 109
74+ 16

?Dopac

pg/mg t s.e.

18.4s t 1.06
26.22 + 1.05

1416 ! 122
68t14

1543 + 104
265 r 34

1247 + 105
53 + 11

1666 t 140
286 + 19

1255 + 65
56+12

1809 r 135
299 + 27

1747 t 1OO
254 + 61



TÀBr¡E 8: EFFEcrs oF ltEr,ÀToNrN oN DA AND NE Accu!Íur¡ÀTroN ÀFTER pÀRcyrJrNE rN STRTATUM

I

(,

I

Treatment

Controls

Melatonin

Ovariectomized

Ovariectomized
and

Melat,onin

Àccunulation of DÀ
after nargyline
pg/ng/hr + s.E.

Helatonin
Ovariectomy
Interaction

51 118 ! ALz

31109 t 11630

31263 t 11680

Àccu¡nulation of NE
after Pargyline
pglng/hr + 8.8.

3r885 t 11900

MF=0.84
OF=0.51
I F = 3.03

L!7

8t10

72 + 37

7!2L

UF=1.63
OF=2.34
T. î = 2.12



TABLE 9: Effects of melatonin on serotonin concentrations in amygdala of female hamsters.

1

(,
NJ

I

Treatment

Controls

Melatonin

Pg 5HT/m9 + s.e.

Ovariectomized

Ovariectomized
+ melatonin

1452 r 161

Pargyline
Melatonin
Ovariectomy

1536 r 70

pg 5HT/m9 + s.e.
(after pargyline)

p=
p=
f,=

1369 + 82

95.92***
0.01
0.o1

1548 + 97

2403 ! 224

2584 + 238

2710 x. 74

2315 + 129



TÀBÍ,E 10: EFFECTS OF IIIELATONIN ON DOPA}ÍINE I{ETABOLTSU IN ÀUYGDÀIJA

Treatment

Control

(Pargyllne)

I

tJ)(,
I

DA Concentrat,ions
1n

À¡nygdala
(pslns)

l.felatonin

(Pargryllne)

GX - Ealine

(Parqryllne)

GX - Hel-atonin

(Pargyllne)

978 t 183

2LA2 ! 427

Pargyline
HeLatonin

ovariectony

DA AccumuLat,ion
after

Pargyline
(pglng/hr)

L293 ! 277

1885 t 323

19s9 t 312

2044 ! 20A

* P<.05 conpared to intact controls

1¡181 t 20/¡

2086 t 415

602 + 2L3

P F = 7.86i*
l{F=0.22
O tr' = 1.93

DOPÀC
Concentrations

in
ÀnygdaLa
(pglns)

296 t 161

42 t 10/t*

24A ! 2L

202 ! L9

170 t 18s

Mel F = o.27
Ovx F = 4.05

TTVA
concentratlons

in
¡qmygdala
(pglns)

2s9 t 31

182 t 16

318 t 15*

160 t 18

169 t 36

at!24

283 t 13

205 t 13

P F = {3.{7ir*
MF= 0.00
OF= L.87

P/O F = 4.30*
P/t{/O F = 4.26*

L64 t 2t

s3t10
27A ! 2L*

/¡9 ! 13

165 t 2/¡

78!2L
P F = 66.O0**t
M F = 3.66
OF= 2.50
Pltllo F = 7.03*




