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ABSTRACT

Food restriction has profound effects on various endocrine

axes and on a.lline metabolism. In the present study, the effect of

'reduced food availability on pineal and serum indole was determined

in adult male \.listar rats. Under a lighting regimen of'14 h li&~t

and 10 h dark, 3 weeks of 50~ food restrictio~ to a reduction in
"~

24 h ~€an seru~ ~ryptophan and serum s€rotonin levels but an increase

in seru~ ~latonin levels. The duration of ~ ni&~;-timemelatonin" "

-rise ..-as increased secondary to an earlier rise of both pineal and

sen..," melatonin. Such changes in circulating melatonin rr.ay account

for the gonadal" regression observed in und~rfed ani~ls. This

pineal-gonadal interaction was further investigated after animals

were subjected to shortened photoperiod or after plnealectomy.

Shortened photoperiod failed to influence either the serum melatonin
"~

profile or the undernutrition-related gonadal regression.

Pinealectorny, however, was able to reverse though incompletely -the

gonadal regression in underfed animals. When the pinea~'

responsiveness to beta-adrenergic stimulation was determined in food

restricted animals, both the time course and the dose responses were

altered. The changes in pineal and serum melatonin

post-stimulation, however, were atypical of either a sub- or

supersensitive pineal gland.
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Basec on the present study, food availability proves to be

another factor that can influence pineal activity. Its effect on the
. '- ..

pineal, h9lever, depends on the duration of food restriction and the

~ enVironmental light/dark cycle.
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1.1 Persoectives of the oresent study

. Food availability has profound infJ!'.1ences on many metabolic

processes. - The response of the endocrine system to diet"ary

restriction is not uniform. Any step of hormone action can be

affected. Indeed, changes in hormone synthesis, degradation or

tissue responsiveness have all been described (Becker, 1983).

Dependent on the particular hormone axis in question, it may be

suppressed, remain unchanged or be hyperactive. Suc..1. diversified

responses are ~hougt1t to represent adaptive mechanisms. One axis

that is suppressed during dietary restriction is the

hypothalamic-p it.'.1i tary-gonadal axis (Howland, 1975). The suppression

is believed to be at the hypothalamic level since the pituitary gland

retains its ability to respond to gonadotropin-releasing hor~one

(Campbell et aI, 1977). However, this may be simplistic since the

regulation of the r-eproductive axis is complex. One organ that. is

affected b~ food restri~ that can influence the reproductive

axis is the pineal gland. The regulating role of the pineal on the

reproductive axis is linked to >jhotoperiodism (Goldman and Darrow,

1983) • In view of this connection, it is of interest to investigate

the effect of food restriction on the pineal gland and its interaction

with the gonadal axis under different photoperiods.

In seasonal breeding species such as hamsters and sheep, the

importance of the pineal gland on the reproductive axis has been well

defined (Reiter, 1980; Lincoln and Short, 1980). By contr;3st, the



rat reproductive axis
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I •
is relati vely unrespons 1 ve to the inhibitory

action of the pineal and its hormone melatonin err). This axis,

however, can be sensitized t~ the inhibitory action of the pineal by

manipulations such as underfeeding, olfactory bulbectomy or neonatal

steroid administration (Reiter, 1974). The focus of many previous

studies has been on changes in sensitivity to the action of the pineal

or ~IT in food restricted states. Few studies have determined the

-
effect of food restriction on the activity of the pineal gland. When

adult rats are subjected to chronic food restriction, pineal activity

'increased as determined by oxygen consumption and morphologic criteria

(Walker et aI, 1978). ~nen MT is determined, short term starvation

has no effect on urinary ,IT excretion (Lynch et aI, 1975). On the

other. hand, when prepubertal rats are subjected to 5 weeks of orotein. .
calorie malnutrition, determination of pineal MT content reveals lower

daytime and night-time levels (Herbert and Reiter, 1981). Even

though ~ has been accepted as the pineal hormone, the effect of food

restriction on circulating MT levels has never been determined. The

present study, therefore, investigated the effect of varying duration

of dietary restriction on the circadian rhyth.'1l of circulating MT."

Changes in pineal activity were correlated with changes in gonadal

parameters. This pineal-gonadal interaction was further investigated

by subjecting the animals to shortened photoperiod and pinealectomy.

Food restriction also has a profound influence on

neurotransmitters' which are key regulators of many hormonal axes.

For instance, many aspects of the adrenergic systems a~e influenced by

food availability. Changes in norepinephrine turnover, adrenoceptor

density and tissue responsiveness have all been described (Katovich



and Barney, 1983; Landsberg and Young, 1978; Stone, 1983).
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Since

pineal activity is inti:nately li:1ked to sympathetic activity (Zatz,
,

1978), the effect of dietary restriction on pineal responsiveness to a

beta-adrenergic agonist was determined.

Food availability also leads to changes in indole metabolism.

Animals subjected to acute food deprivation have increased synthesis

and turnover of cerebral serotonin (Kantak, 1977, 1978a, 1978b,

1978c). The effect of chronic· food restriction, however, -lias not

been defined. In the last section of the present study, the effect

1\

of food' restriction on two cirCUlating indoles, tryptophan and

serotonin, was determined.

Since the major part of the present study is on the effect of
•

food restriction on pineal-gonadal interaction, the subsequent section·

is an overview of aspects of pineal physiology.

1.2 The pineal gland and melatonin

The history of the pineal gland dates back to 325-280 Be when

Herophilos of Alexandria suggested that the pineal might function as a

valve controlling the "stream of thoughts" from the lateral ventricle

of the brain (reviewed by Kappers, 1965; Kitay and Altschute, 1954).

By contrast, Galen of Pergamon (130-200 AD) believed that the pineal

organ was merely a lymph gland. In the 17th century, the renowned

French philosopher Rene Descartes designated the pineal as the "seat

of the soul". He also suggested that the pineal receives photic

information from the eyes and thereby exercises an influence on the

body which proves to be prophetic. The first endocrine effect of the

pineal was described in 1898 when Heubner reported the association of
,



5

precocious puberty with a pinealoma in a four year old boy. This was

followed by Mar~rg's hypothesis that the pineal secretes a substance

that regulates the onset of pUberty. This is of particular interest

to the present study since dietary restriction can delay the onset of

puberty. In 1918, Holmgren observed similarities between the sensory

type cells in the pineal region and the cone cells of the retina in

a~hibia and fish. Taken together with the observation that

---

calcification of the human pineal occurs with advancing age, this

evidence led to the hypothesis that the mammalian pineal is just a

vestigial remnant left behind by evolutionary progress. Of interest,

in 1917, McCord and Allen found that the bovine pineal glands produced

a substance that li&~tened the skin of frogs. The responsible

compound was eventually isolated and identified a'S

N-acetyl-5-;nethoxytryptamine by Lerner et al (1958, 1959) • It was

given the name "melatonin c;·iTl" because of its indole nature and its

ability to li&~ten pigment cells.
•

Today, the pineal gland is recognized as an actively

functioning neuroendocrine organ that responds primarily to photic

stinuli. It exhibits circadian rhythms and influences the metabolic

activity of a host of endocrine glands. The possible mediator is the

pineal hormone melatonin.

1.3 Biochemistry of melatonin synthesis

By the use of enzyme assays (Heissbach et al, 1960; Axelrod

and Weissbach, 1960) and pineal cell culture (Shein et al, 1967; Klein

et al, 1970), the biosynthetic pathway of MT (Fig. 1) and its

regulation in the pineal has been established.
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?i~ealocytes possess all ~~e enzymes that a~e ~equi~ed fo~ MT

synthesis. The indole amino acid t~yptopha."l is the COllI!lon precursor

of the pineal a."ld brain i~dolea'llines. lJ;:ltake of tr"yptophan from the

blood st~ean by pinealocytes is follow-ed by h:Yd~xylation at the 5-

pcsi tion by tryptopha."l hydroqlase to 5-hydroxytryptophan (5HT?)

(Lovenbe~g et al. 1967). The 5HT? thus formed is deca~boxylated to

5-hydroxytryptamine (se~otonin• ':XiT) by a~omatic-L-arnino-acid

deca~boxylase. Compa~ed to othe~ b~ai~ a~eas. the pineal has one of

the highest concentrations and turnover ~ates fo~ 5HT (Falck et· al.

1966). Se~otonin in the pineal has a complex fate: (a) OXidative

dea'llination by monoamine oxidase to 5-hyd~oxyindoleacetic acid o~

5-hydroxyt~yptophol (Hakanson a."ld 0.ma~. 1965.1966); (b) ~elease to

the ext~acellul~ space and uptake by sympathetic ne~ve terminals

(Owman. 1965; Hakanson and Owman. 1966); o~ (c) N-acetylation to

N-acetylse~otonin (NAS) by serotonin :'-acetylt~ansfe~ase (NATase) with

acetylcoenzyme-A se~ving as the acetyl d:mo~ (Io.eissbach et al. 1960).

NAS is then O-methylated by hyd~cxyindole-D-methyl t~ansfe~ase (HIO:-rr)

to form MT with S-adenosylmethionine p~oviding the methyl group (Shein

•

et al. 1967). In addition to ~lAS. HIO:-rr can also D-,methylate, ,
5-hyd~oxyindoleacetic acid and 5-hyd~oxytryptopho~to fo~m

5-methoxyindoleacetic acid and ·5-methoxyt~yptophol ~espectively. beth

of which have been identified in the pineal (Lerne~ et al. 1960;

McIssac .et al, 1965). Al though NATase is widely dist~ibuted in

various tissues. in the pineal it is the key enzyme in the control of

the ci~cadian rhythn of MT synthesis (Ellison et" al, 1970; Deguchi,

1975) • In cont~ast to the widesp~ead distribution of NATase, HIO:-rr

is almost completely localized in the pL"leal gland.

----.
---~ ---...

Outside of the
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pineal, HI01Thas only been identified in the retina and the harderian

gland CCardinali and Wurtman, 1972) • Using immunohistoc~emical

•techniques, HT has been localized in the same tissues, retina and

harderian glands as well as the intestine (Bubenik et aI, 1977, 1978).

Nevertheless, the extrapineal contribution to the circulating pool of

MT is· small since pinealectomy in rats result in undetectable MT

levels by gas chromatography mass spectrometry CLewy et aI, 1980). MT

synthesized in the pineal appears to be secreted into the blood stream

by sL~le diffusion.· \ihether i·IT is primarily secreted into the bleed

stream or the cerebrospinal fluid remains controversial. In the rat,

the blood compartment is likely the pri~3ry site of secretion since MT

concentration in the plasma from the confluence sinuur.l· is about 8

times higher than that of trunk blood CWithyachu~narnkul and Knigge,

1980). In any case, HT crosses the blood brain barrier with ease

CAnton-Tay and Wurtman, 1969).

The ~3jor metabolic pathway of circulating ~IT is conversion to

6-hYd~xymelatonin in the liver by microsomal enzymes CKopin et aI,
"-

1960) (Fig. 2). This is followed by conjugation with sulphate or

glucuronic acid and excretion mainly in the urine CKveder and ~cIsaac,

1961). Another route of metabolism is via a brain enzyme,

indolea~ine 2,3 dioxygenase, which cleaves the pyrrole ring of various

indoleamines (Fujiwara et aI, 1978). The plasma half life of HT has

been estimated to be between 15-20 minutes in rats CGibbs and Vriend,

1983). Possible~hanges in the production rate or metabolic clearance

of MT in food restricted animals have never been determined.
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