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Abstract. The sensitivity of the Syrian hamster pineal gland to stimulation by isoproterenol is
greatly increased in the latter half of the daily dark phase. This increased sensitivity requires a
period of dark exposure for up to 6.5 hr. Also, if dark-maintained hamsters are exposed to light
in the latter half of the night pineal melatonin levels drop precipitously but can be restimulated
by isoproterenol administration. As the interval of light exposure continues, however, the pineal

sensitivity to isoproterenol decreases.
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In the rat, the administration of either nor-
epinephrine (NE) (especially when preceded
by the injection of a NE uptake inhibitor) or
1soproterenol, a B-receptor agonist, during the
photophase of the light:dark (LD) cycle readily
stimulates production of melatonin within the
pineal gland (1, 2). On the other hand, the
daytime administration of these compounds
to the Syrian hamster has no stimulatory ac-
tion on pineal melatonin (3-5). It was recently
discovered, however, that during the dark
phase of the LD cycle the Syrian hamster pi-
neal will respond to the catecholamine or its
agonist. This was proven using two experi-
mental paradigms. First, if isoproterenol is
given prior to acute light exposure at night the
normal light-associated reduction in pineal
melatonin levels is delayed (6). Second, if ei-
ther NE (preceded by an uptake inhibitor) or
isoproterenol is injected into Syrian hamsters
with light-suppressed melatonin levels at night,
melatonin production within the pineal gland
is increased (7-9). In both of these experi-
mental paradigms the hamsters were exposed
to 6.5-8 hr of darkness before a positive re-
sponse to either NE or its agonists could be
evoked.

The purpose of the first study in this series
was to determine whether this period of dark
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exposure was necessary for the hamster pineal
gland to subsequently respond to isoprotere-
nol. In the second study we determined
whether the interval after acute light exposure
at night influenced the response of the hamster
pineal gland to isoproterenol.

Materials and Methods. The animals used
in these studies were adult male Syrian ham-
sters (80-100g) purchased from Sasco
(Omaha, NE). They were housed in groups of
four to five per clear polycarbonate cage and
food and water were available at all times.
During a 1-week period of acclimation the an-
imals were kept under a LD cycle of 14:10
with lights out at 2000 hr daily.

Experiment 1. Sixty-four hamsters (8 groups
of 8 each) were used in this study. On the night
of the experiment, the pineal glands were col-
lected from 8 animals at the end of the LD
cycle (at 2000 hr). Thereafter, 32 animals en-
tered their normal dark phase while the re-
maining 24 hamsters were exposed to light
(roughly 50 uW/cm? provided by cool white
fluorescent bulbs) for the remainder of the ex-
periment. At 0230 hr (after 6.5 hr of darkness)
the pineal glands were collected from an ad-
ditional 8 animals that had been exposed to
darkness. Immediately following this, the re-
maining 24 dark-maintained hamsters were
acutely exposed to light (roughly 50 uW/cm?).
This light intensity rapidly suppresses hamster
pineal melatonin content (10). Thirty minutes
after light onset (at 0300 hr) when pineal mel-
atonin levels had reached daytime values, the
pineal glands were collected from 8 hamsters
and the remaining 16 animals were given a
subcutaneous injection of 1 mg/kg (—)-iso-
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proterenol (Sigma Chemical Co.)in 0.1 m] sa-
line. These animals were killed either 90 or
120 min later. When pineal glands were col-
lected they were frozen on solid CO, and
stored at ~80°C for later melatonin analyses.

The hamsters that were maintained in con-
tinual light on the night of experiment were
treated similarly. At 0300 hr the pineal glands
were collected from 8 animals while the re-
maining 16 hamsters received a subcutaneous
isoproterenol injection; these were killed 90
or 120 min later and their pineal glands were
frozen and stored as above.

Experiment 2. Eighty hamsters (10 groups
of 8 each) were used in this study. On the night
of the experiment all animals entered darkness
at the usual time (2000 hr). At 0230 hr (6.5
hr into the dark phase) the pineal glands of 8
hamsters were collected and frozen as above.
The remaining 72 animals were acutely ex-
posed to light (as above) to depress their high
nocturnal melatonin levels. Twenty minutes
after light onset the pineals were collected from
1 group and 16 other animals received an in-
jection of isoproterenol; 40 min after light on-
set the pineals were collected from another
control group and 16 additional animals re-
ceived isoproterenol; finally, 80 min after light
onset the pineals were collected from a third
group of control animals and 16 other animals
received isoproterenol. All isoproterenol-in-
Jjected hamsters were killed at either 90 or 120
min after drug administration.

Pineal glands were analyzed for their mel-
atonin content using a radioimmunoassay de-
veloped by Rollag and Niswender (11) and
currently in use in this laboratory. Data were
statistically analyzed using an ANOVA fol-
lowed by a Student-Newman-Keuls multiple-
range test.

Results. Experiment 1. At 2000 hr (end of
the light phase) the mean melatonin concen-
tration in the pineal gland was 128 + 8 pg/
gland (Fig. 1). In the animals that were then
placed in darkness, pineal melatonin values
rose to 449 + 38 pg/gland at 0230 hr, 6.5 hr
into the dark phase. The acute exposure of the
dark-exposed hamsters to light caused a rapid
decline in pineal melatonin concentrations
such that 30 min after light onset (at 0300 hr)
melatonin levels had again reached basal day-
time levels (Fig. 1, solid points). When these
light-suppressed animals were then treated
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with 1 mg/kg isoproterenol, pineal melatonin
values rose markedly (P < 0.001) to high levels
90 and 120 min after drug administration.

Those animals exposed to continual light
at night exhibited a markedly different re-
sponse (Fig. 1, hollow points). At 0300 hr, after
lights had been on all night, pineal melatonin
levels were expectedly low; when these animals
were subsequently given isoproterenol pineal
melatonin values, measured 90 or 120 min
later, were not elevated over those of the un-
treated control hamsters.

Experiment 2. At 6.5 hr into the dark phase
the mean melatonin content of the pineal
glands was 398 + 30 pg/gland (Fig. 2). When
these animals were then acutely exposed to
light pineal melatonin values plummeted as
in the first study. Thereafter, groups of ham-
sters were treated with isoproterenol at 20, 40,
or 80 min after light onset. In each case drug
administration was followed by significant (P
< 0.001) rises in pineal melatonin levels 90
and 120 min later. As drug treatment was de-
layed after light onset, the melatonin response
of the pineal gland to isoproterenol was also
somewhat diminished.
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FiG. 1. Pineal response to isoproterenol in hamsters ex-
posed to 6.5 hr of darkness (@) or constant light (O) before
the administration of the drug. In the pineal of hamsters
exposed to darkness, melatonin production was markedly
stimulated following drug administration. In those animals
exposed to light at night, isoproterenol could not promote
melatonin production. The horizontal bars paralleling the
abscissa indicate the LD cycles for the two groups of ham-
sters.
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FI1G. 2. Pineal response to isoproterenol in hamsters
acutely exposed to light after 6.5 hr of darkness. The drug
was given 20, 40, or 80 min after light onset. With pro-
gressive light exposure the magnitude of the melatonin
response to isoproterenol gradually decreased.

Discussion. In both experiments 1 and 2 we
confirmed that the pineal glands of Syrian
hamsters produced melatonin in response to
isoproterenol administration when the drug
was given in the latter half of the dark phase.
This is consistent with previous observations
that only during this interval is isoproterenol
(or NE) capable of promoting melatonin pro-
duction in the pineal gland of the Syrian ham-
ster (7-9). Furthermore, these studies show
that dark exposure at night is a necessary as-
pect of the 24-hr rhythm in the sensitivity of
the hamster pineal to isoproterenol and, also,
as the interval after acute light onset at night
is prolonged the ability of isoproterenol to
stimulate melatonin production decreases.

Clearly, when hamsters were not given 6.5
hr of darkness at night prior to isoproterenol
injection the pineal gland merely maintained
low daytime melatonin values following the
administration of the drug (Fig. 1). The
mechanisms by which darkness sensitized the
pinealocytes to the S-agonist cannot be deter-
mined from this study. Light at night inter-
rupts the neural signal between the central
nervous system and the pineal gland which
causes the release of neurotransmitters from
the sympathetic nerve terminals within the
gland (12). Perhaps light exposure during the
normal dark period suppressed the release of
some factor which normally up-regulates the
postsynaptic receptors on the pinealocyte
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membranes. A variety of neurotransmitters
has been identified in the mammalian pineal
gland but the functions of these compounds
remain unknown (2, 13). It is interesting that
in the Syrian hamster pineal melatonin con-
centrations do not normally rise until the latter
half of the dark phase (14, 15). This lag in the
melatonin rise is possibly due to a necessary
darkness-associated up-regulation of the §-re-
ceptors on the pinealocyte membrane during
the first 4-5 hr of dark exposure. If this occurs,
however, it is not a universal feature in mam-
mals since in many species darkness onset is
accompanied by an aimost immediate increase
in pineal melatonin production (16).

The hamster pineal response to isoproter-
enol seems to become progressively less robust
when the duration of acute light exposure is
increased (Fig. 2). Thus, the most marked
melatonin increase occurred when the animals
received the isoproterenol 20 min after light
exposure at night; when the drug was given 80
min after light onset the melatonin response
was depressed although it certainly was not
absent. The findings suggest that if the isopro-
terenol injection had been further delayed,
eventually the pineal gland would not have
responded with increased melatonin produc-
tion. The loss of sensitivity of the pinealocyte
to the B-agonist could be due to one of the
following factors. Perhaps the sensitivity of the
B-receptors to the drug has a finite limit of
only one to several hours. Under LD condi-
tions of 14:10 the hamster pineal melatonin
peak is of short duration (1 or 2 hr) (14, 15)
suggesting that the above-mentioned expla-
nation could have some validity. Another ex-
planation may relate the fact that when the
lights were turned on, the factor which nor-
mally up-regulates the B-receptors was no
longer being released and, as a result, the sen-
sitivity of the B-receptors gradually waned.

In summary, the increased sensitivity of the
Syrian hamster pineal gland to isoproterenol
at night depends on the animals’ exposure to
darkness for an interval up to 6.5 hr. Continual
light exposure at night not only prevents the
development of sensitivity to the drug but, af-
ter hamsters are acutely exposed to light at
night, the susceptibility of pineal melatonin
synthesis to stimulation by isoproterenol di-
minishes with increased duration of light ex-
posure.
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