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Effect of a synthetic pineal tetrapeptide (Ala-Glu-Asp-Gly)
on melatonin secretion by the pineal gland of young

and old rats
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ABSTRACT. The pineal gland contains many pep-
tides known to be implicated in melatonin pro-
duction. We examined the effects of a synthetic
pineal tetrapeptide Ala-Glu-Asp-Gly on mela-
tonin secretion by the pineal gland. The
tetrapeptide effects on pineal gland melatonin
secretion were studied in young (9 weeks) and
old (27 months) male Wistar rats using a perifu-
sion device. Pineal tetrapeptide at the concen-
trations used (10 to 10 M) had no significant
effect upon melatonin secretion whatever the

INTRODUCTION

Several studies showed that blood melatonin lev-
els markedly decrease with age (1-5). Melatonin,
which is the major secretory product of the pineal
gland, plays a key role in the synchronization of the
biological rhythms and modulates functions of the
endocrine, nervous and immune systems (1). The
hormone appears to have some anti-oxidative ef-
fects and geroprotective activity (6, 7), which led
to the hypothesis that it might delay the ageing
process and inhibit the growth of tumor cells. Thus,
it appears that the search for new stimulators of
endogenous melatonin is of considerable impor-
tance. The pineal gland contains many peptides
such as vasoactive intestinal peptide, neuropep-
tide Y, vasopressin, oxytocin, pituitary adenylate
cyclase-activating polypeptide, secretoneurin and
orexin (8-13). Some of these peptides have been
found to be active on melatonin secretion in vitro
(9, 10, 13). Previous studies showed that a com-
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age of the animals, young or old. We also looked
at the effect of the tetrapeptide on pineal mela-
tonin stimulated by a B-adrenergic agonist, iso-
proterenol. We found that isoproterenol-induced
melatonin increase was not modified by the
tetrapeptide. Our results suggest that the pineal
tetrapeptide Ala-Glu-Asp-Gly, does not seem to
play a role, at least in vitro, in the control of
melatonin secretion by the rat pineal gland.

(J. Endocrinol. Invest. 26: 211-215, 2003)
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plex of peptides extracted from the pineal gland
(epithalamin), increased melatonin synthesis in old
and not in young rat pineal gland resulting in high-
er plasma concentration of the hormone (14, 15).
This complex was also found to prolong the life
span of rodents and to diminish the incidence of
spontaneous tumor development (14, 16, 17). A
recently synthesized polypeptide on the basis of
the analysis of epithalamin amino acids, epitalon
(Ala-Glu-Asp-Gly) has been shown (18) to possess
geroprotective and anti-tumor effects (17), and to
stimulate melatonin production in old but not in
young rhesus monkeys in vivo (19, 20). We there-
fore found it worth looking at the effects of this
pineal tetrapeptide Ala- Glu-Asp-Gly on melatonin
secretion in the pineal gland of young and old rats
in vitro using an organ perifusion device. The re-
lease of norepinephrine from nerve endings in the
pineal gland acts primarily on B-adrenergic recep-
tors (1). This causes a rise of intracellular cAMP, in-
creasing the activity of the rate-limiting enzyme
serotonin-N-acetyltransferase and thus, the pro-
duction of melatonin. It has been assumed that the
pineal tetrapeptide Ala-Glu-Asp-Gly increases the
number and/or affinity of B-adrenergic receptors
on pinealocyte membranes for norepinephrine
(19). We thus examined the effects of the tetrapep-
tide on basal and on adrenergically stimulated
pineal melatonin secretion.
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Fig. 1 - Effect of a synthetic pineal tetrapeptide (Tetra, 10 to 10 M) on melatonin secretion by perifused pineal glands of young
(9 weeks) and old (27 months) rats obtained in the middle of the dark span. Each value is the mean=SE of data obtained in three per-
ifusion chambers (one gland per chamber). The drug (arrows) was infused for 30 min, 300 min after the beginning of the perifusion.

MATERIALS AND METHODS
Animals

Twenty-four young (6 weeks) and twelve old (24 months) male al-
bino Wistar rats (Iffa Credo, L'Arbresle, France), on arrival at the
laboratory, were used in the experiments. Animals were housed
in a chronobiologic animal facility (Enceinte Autonome
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d’Animalerie, Ref. A 110-SP-6, ESI Flufrance, Arcueil, France)
with food and water available ad libitum. The facility was
equipped with sound-proof, temperature-controlled (2121.0 C)
compartments, all the same size and provided with indepen-
dent light-dark cycles. The rats were synchronized to a light-dark
cycle regimen of 12:12 under a reverse lighting schedule (lights



on from 15:30 h to 03:30 h); this enabled us to perform the dark-
span sampling during the day. The rats were synchronized to
this lighting regimen for 3 weeks before the experiments. These
animal experiments were performed in accordance with the prin-
ciples of laboratory Animal Care (NIH) and with French laws.
Rats were sacrificed by decapitation at the age of 9 weeks for
young rats and 27 months for old rats, in the middle of the dark
phase and, to avoid alteration of melatonin production, under
dim red light.

Experimental device and procedure

The perifusion system has been described previously (21). Briefly,
it consisted of a plastic column closed with two pistons, a ther-
mostatic bath, and a peristaltic pump. The pineal glands were
quickly removed and kept in 4 C Krebs-Ringer solution at pH
7.4, gassed with 5% CO2 and 95% O2 until transfer into the per-
ifusion chambers. The Krebs-Ringer medium contained (mM)
NaCl 120, KCI 5, KH2PO4 1.2, CaCl2 2.6, MgSO4 0.67,
NaHCO3 22.5, and glucose 10. The pineal glands {one gland
per chamber) were perifused with oxygenated Krebs-Ringer so-
lution at a constant flow rate of 0.1 ml/min. The pineal glands
and medium were maintained at 37 C by the thermostatic bath
(Techne TE-8J). The pineal glands were perifused for 9 h 30 min
(570 min). Perifusates were collected into plastic tubes every 30
min with an automatic fraction collector and stored at =20 C un-
til melatonin assays.

Effects of the pineal tetrapeptide on melatonin
secretion by perifused pineal glands

This experiment was undertaken in order to determine the ef-
fects of different doses of a synthetic pineal tetrapeptide Ala-
Glu-Asp-Gly on melatonin release by the pineal gland of young
and old rats. The peptide in injectable solution was prepared as
10-4 M, 10-5 M, and 10-6 M solutions in Krebs-Ringer. Since
melatonin secretion by perifused rat pineal glands has been
shown to be stabilized 3-4 h after the perifusion begins, the pep-
tide was infused for 30 min, 300 min after the beginning of the
perifusion. The data were compared with control glands that
underwent no tetrapeptide infusion but only Krebs-Ringer so-
lution infusion.

Effects of the pineal t(—::trapeptide on
isoproterenol-stimulated melatonin secretion
" by perifused pineal glands

We examined how b-adrenergic stimulated melatonin secretion
by young rat pineal glands is affected by the pineal tetrapep-
tide Ala-Glu-Asp-Gly, using isoproterenol, a B-adrenergic ago-
nist. Isoproterenol was diluted directly in a Krebs-Ringer solu-
tion. This drug was purchased from Sigma (St. Louis, Mo., USA)
and was used at a final concentration of 10-4 M. This concen-
tration was chosen for its optimal effect on pineal melatonin pro-
duction in vitro as observed in a previous study (22).
Isoproterenol was infused for 30 min (300-330 min) either alone
or together with 10-4 M pineal tetrapeptide. In each case the
data were compared to corresponding controls.

Melatonin radioimmmunoassay

Melatonin in the perifusate fractions was assayed directly by a
modification of the RIA method of Fraser et al. (23), with a spe-
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cific rabbit antiserum (R 19540) provided by INRA {Nouzilly,
France) and 125I labeled melatonin tracer (NEN-Dupont, Boston,
MA, U.S.A)). The detection limit of the melatonin assay was 5
pg/tube. The intra-assay and inter-assay coefficients of variation
were, respectively, 10 and 18% for a concentration of 50 pg/ml
of melatonin, and 7 and 11% for 200 pg/ml.

Presentation of data and statistical analysis

The melatonin production in each chamber was expressed in
pg/min/gland. Results were expressed as mean =SE. The ex-
perimental data were analyzed for statistical significance with
Student'’s t-test. Differences were defined as significant at prob-
ability levels p<0.05.

RESULTS

The mean value of the basal level of melatonin re-
leased from perifused rat pineal glands removed in
the mid-dark-span was 23.7+1.6 pg melatonin/
min/gland in young rats vs 18.52+0.3 pg mela-
tonin/min/gland in old rats; p<0.01.

The synthetic pineal tetrapeptide at the concentra-
tions used (104 M to 10 M) did not result in any
detectable effect on melatonin secretion by the rat
pineal gland, neither in young nor in old animals
(Fig. 1).

The B-adrenergic agonist isoproterenol signifi-
cantly increased melatonin secretion by pineal
glands by 70% compared with control glands that
underwent no isoproterenol infusion (p<0.05)
(Fig. 2).

The pineal tetrapeptide (104 M) had no signifi-
cant effect on the isoproterenol-induced increase
(Fig. 3).
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Fig. 2 - Profiles of melatonin release from perifused pineal

glands of young (9 weeks) rats obtained in the middle of the

dark span after infusion of isoproterenol (1SO, 104 M). Each val-

ue is the mean=SE of data obtained in three perifusion cham-

bers (one gland per chamber). The arrows show the duration
(30 min) of drug infusions.



Y. Djeridane, V.Kh. Khavinson, V.N. Anisimov, et al.

DISCUSSION

The pineal gland contains many peptides such as
vasoactive intestinal peptide, neuropeptide Y, va-
sopressin, oxytocin, pituitary adenylate cyclase-ac-
tivating polypeptide, secretoneurin, and orexin,
which all have been shown to be implicated in the
regulation of the methoxyindole synthesis in the
pineal gland (9, 10, 13). The complex of peptides
epithalamin, and the tetrapeptide Ala-Glu-Asp-Gly
are physiologically active preparations of the pineal
gland (18). It has been previously shown that a sub-
cutaneous injection of epithalamin to old rats (18-20
months) results in an increased pineal melatonin
production (14, 15). Moreover, the tetrapeptide
Ala-Glu-Asp-Gly has been found to increase plasma
melatonin levels only in old rhesus monkeys (20-26
yr) but not in young animals (6-8 yr) (19, 20). These
data prompted us to compare in vitro the effect of
Ala-Glu-Asp-Gly on pineal melatonin secretion in
both young and old rats.

We found that the pineal content of melatonin in
old rats was 1.3 times lower than in young animals,
which is consistent with published data on the de-
crease of blood melatonin concentrations during
aging (2-5). We showed that whatever the age of
the animals, young (9 weeks) or old (27 months),
Ala-Glu-Asp-Gly had no effect on melatonin se-
cretion in the rat pineal gland in our experimen-
tal perifusion conditions. These differences in the
in vivo and in vitro effects of the pineal tetrapep-
tide upon pineal melatonin may be related to a
difference in the physiological state of the gland
or might also be related to interspecies variations.
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Fig. 3 - Effect of synthetic pineal tetrapeptide (Tetra, 10 M) on
10 M isoproterenol (ISO)-stimulated melatonin release from
perifused pineal glands of young (9 weeks) rats obtained in the
middle of the dark span. Each value is the mean=SE of data ob-
tained in three perifusion chambers (one gland per chamber).
The drugs (arrows) were infused for 30 min, 300 min after the
beginning of the perifusion.

Indeed, other papers (19, 20) deal with the stimu-
lating effect of the peptide on mdnkeys in vivo,
while in the present study we used in vitro perifu-
sion on rat pineal gland.

Adrenergic innervation of the pineal gland plays a
key role in the regulation of melatonin production
(1). It has been assumed that Ala-Glu-Asp-Gly in-
creases the number and/or affinity of B-adrenore-
ceptors on pinealocyte membranes for nore-
pinephrine (19). We have therefore examined the ef-
fect of the tetrapeptide Ala-Glu-Asp-Gly on adren-
ergically stimulated melatonin secretion with a B-
adrenergic agonist, isoproterenol. Our data showed
that isoproterenol stimulated, as expected, the pineal
melatonin secretion and that this effect was persis-
tent, which is in good agreement with previous data
(21, 22). The tetrapeptide had no additional influence
on the isoproterenol-induced melatonin increase.
In conclusion, we found here that the pineal
tetrapeptide Ala-Glu-Asp-Gly did not alter noctur-
nal pineal melatonin secretion which strongly sug-
gests that this peptide does not seem to play a role
in the control of melatonin secretion in the rat

‘pineal gland, at least in vitro.
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