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CAFFEINE INJECTION IN THE DARK PHASE PROLONGS THE NOCTURNAL RISE IN
SEROTONIN N-A CETYLTRANSFERASE ACTIVITY AND MELATONIN CONTENT IN THE

PINEAL GLAND OF MALE RATS
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Caffeine, an important member of methylxanthines, induced a prolonged nocturnal rise in pineal melatonin content and an
increase in its rate-limiting enzyme serotonin N-acetyltransferase (NAT) activity. The highest levels were reached five
hours after subcutaneous caffeine injection to male rats in the dark phase, where the NAT activity increased from 920470
pM pineal'h™ in the control group to 1190£120 pM pineal'h”' (p<0.001) in the treated group. The pineal melatonin content,
as well, was elevated from 52040 pg pineal” in the control group to 112080 pg pineal! (p<0.001) in caffeine treated
group. These changes could be attributed to the depressive effect of caffeine on the activity of phosphodiesterase (PDE),

the enzyme responsible for the hydrolysis of the intracellular second messenger cyclic adenosine monophosphate (cAMP).
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Introduction

Photic information is transferred (rom retinas of the lateral
eyes to the pineal gland. The nerve endings which terminate
within the vicinity of the pinealocytes secrete, primarily
during darkness, a neurotransmitter which acts on the cells to
stimulate their synthetic machinary (Reiter 1983). The neuro-
transmitteris generally considered to be norepinephrine based
on the studies of Zatz (1981) using rats. Norepinephrine acts
on B-adrenergic receptors on the pinealocyte membrane; this
stimulates a series of events in which cyclic 3', 5'-adenosine
monophosphate (cAMP) serves as a second messenger in the
production of a number of pineal hormones (Oleshansky and
Neff 1978). The major hormonal product of the pineal gland
seems to be melatonin (Reiter and Vaughan 1977).

Phosphodiesterase (PDE) represents the only known cata-
bolic.pathway for cyclic nucleotides (Butcher and Sutherland
1962; Strada et al 1984). There are various forms of cyclic
nucleotide PDE (Wells and Hardman 1977), type IV PDE is
the cAMP-specific enzyme (Strada er al 1984; Wells and
Hardman 1977; Chasin and Harris 1976). Methylxanthines
have a large number of biological effects, mainly ascribed to
an inhibition of cAMP breakdown (Bergstrand 1980; Silva et
al 1986). Caffeine, a central nervous system stimulant (Rall
1980) is one of the most important members of methylxan-
thines because of the widespread use of caffeine-containing
beverages such as tea and coffee.
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In the present study, the effect of caffeine on the nocturnal rise
of pineal NAT activity and the increase of pineal melatonin
content in male rats is studied.

Materials and Methods

Sixty male Sprague-Dawley albino rats thataveraged 150gin
body weight (Purchased from MRI, Alexandria, Egypt) were
used in the present study. The animals were housed, 5 per cage
and supplied with food and drinking water ad libitum, in an
environmentally controlled room (temperature was adjusted
at 23+2°C) illuminated (flurescent Super Saver, 300-500 lux)
daily from06:00h onalight:dark schedule of 14:10 for 14 days
prior to the experiment. All injections and decapitations of
animals were carried out under safe dim red light.

On the night of the experiment, animals were divided into two
groups (30 animals each). The first group was subcutaneously
(sc) injected with 2mg caffeine animal' in 100 ul saline.
Caffeine was purchased from Sigma (St. Louis, M0, USA).
The second group served as control. All injections were
carried out in the dark phase between 22:45-23:00h.

Atthree time points, 24:00,02:00 and 04:00h, 10 animals from
each group were rapidly decapitated. Pineal glands were dis-
sected out, individually frozen and homogenized in 1001 of
0.05M phosphate-buffered saline (pH 6.8). Glands were indi-
vidually assayed for NAT activity using the procedure out-
lined by Champney et al (1984) and melatonin content was
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estimated using a radioimmunoassay outlined by Rollag and
Niswender (1980). Data represented as mean £ SE were
statistically analyzed using a Student's t-test.

Results and Discussion

The pineal gland, an end organ of the visual system, translates
the photoperiodic message into a chemical signal (melatonin)
which serve as amessenger to every organ in the body (Reiter
1991a). Inrats, normally, a nocturnal melatonin peak occures
near the mid-dark phase and the levels of melatonin reaches
the daytime levels by the end of the dark phase (Reiter 1991b).
In the present study, caffeine-treated male rats showed a
higher NAT activity than their corresponding saline injected
controls at all of the studied time points (Fig 1). However, the
difference in activity was found to be statistically significant
only at 04:00h, i.e. 5 h after injection (Fig 1). While the NAT
activity in the control group was 920+70 pM pineal 'h™! (Fig
1), the NAT activity in caffeine treated animals was still
increasing and reached a value of 1190+120 pM pineal 'h”!
(p<0.001) (Fig 1). Almost a similar pattern for the pineal
melatonin content was observed after caffeine injection to
male rats (Fig 1). A significant increase from 520440 pg
pineal ™ in the control group (Fig 1) to 1120480 pg Pineal ™ in
the control group (Fig 1) to 1120480 pg pineal™ (p<0.001) in
the treated group was recorded at 04:00h (Fig 1).
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Fig 1. Pineal NAT activity and melatonin content after caffeine
treatment (arrow: time of injection), a: p<0.001 vs corresponding
control.
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In the pineal gland norepinephrine is secreted from the nerve
endingsduring darkness (Zatz 1981); where it activates adenyl-
ate cyclase at the pinealocyte membrane to form cAMP
(Oleshansky and Neff 1978). It is well known that cAMP
concentrationisrapidly increased after hormonal stimulation,
but that increase is short lived in Vive (Deguchi 1973). In the
pineal gland, accumulation of cAMP is associated with the
induction of NAT (Deguchi and Axelrod 1972).

Caffeine, theophylline and other methylxanthines have alarge
number of effects commonly ascribed to an inhibition of
cAMP breakdown (Bergstrand 1980; Silva 1986). In organ-
cultured pineal glands, theophylline was found to raise the
concentration of cAMP (Strada et al 1972).

Despite the original finding by Butcherand Sutherland (1962)
and the results reported by others (Bergstand 1980; Silva et al
1986; Strada et al 1972) supporting that methylxanthines are
inhibitors of PDE - the enzyme which catalyzes the hydrolysis
of cAMP to 5'AMP-there is some argument about that as-
sumption (Fredholm 1980; Green and Stiles 1986). However,
the data reported in the present work shows that caffeine
induces asustained nocturnal peak in both pineal NAT activity
and melatonin content.
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