
Pineal Melatonin Rhythm: Reduction in Aging Syrian Hamste 

Abstract. The melatonin content measured by radioimmunoassay of the I 
gland over a 24-hour period (a light:dark cycle of 14 hours of light and 10 of 
ness) was compared in young and old female and male Syrian hamsters. The J 
animals of both sexes exhibited roughly an eightfold rise in pineal melatonin c 
the dark phase of the cycle, whereas in the old hamsters the nocturnal rise in m, 
nin was almost completely absent. The results indicate a marked drop in pinec 
synthetic activity in the aging hamster. 

Melatonin (N-acetyl-5-methoxytryp- 
tamine) is an important constituent in the 
pineal gland of mammals (1). The pro- 
duction of melatonin is cyclic with high- 
est concentrations being present during 
the dark phase of the light:dark cycle 
(2). The pattern of secretion of melato- 
nin, as reflected by blood concentrations 
of the indole (3) as well as its excretion 
from the kidney (4), follows the same 
rhythm as does its concentration in the 
pineal gland. 

In the specific case of the Syrian ham- 
ster, a marked pineal melatonin rhythm 
has been defined; as in other species, 
highest concentrations of melatonin oc- 
cur during the dark phase of each 24- 
hour period (5). Without exception, stud- 
ies of pineal melatonin in hamsters have 
used young, reproductively mature ani- 
mals. We report that in the aging hamster 
the pineal melatonin rhythm is greatly al- 
tered, suggesting a diminished function 
of the gland as the animals age. 

In our study, concentrations of mela- 
tonin in the pineal were compared over 
24 hours in young (2-month-old) and old 
(18-month-old) female and male ham- 
sters (6). Animals were kept under 
light:dark cycles of 14:10 (lights on at 
0600 hours). Groups of young females 
and males were killed at 0800, 1200, 
1600, 2000, 2400, and 0400 hours. Since 
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there were fewer old animals, g 
were killed at 0800, 2000, 2400, ane 
hours. All hamsters were killed 4 

decapitation, and pineal glands we 
dividually placed into 1-ml portic 
chilled 0. M sodium phosphate t 
pH 7.0, containing 0.9 percent s< 
chloride. The glands were homoge 
by sonification and stored at - 20?( 
assayed. Melatonin concentrations 
measured by radioimmunoassay ( 
plicate 200-,l portions from each 1 
homogenate (8). Mean melatonin 
centrations in the pineal were stati 
ly compared by an analysis of va 
and a t-test. 

In both young females and males 
concentrations of pineal melatonin 
daytime were 100 to 125 picogran 
gland (Fig. 1). Eight hours after the 
of darkness (0400 hours), the mea 
ues rose to 835 and 887 pg/gland I 
males and males, respectively. In t 
females the daytime concentratic 
melatonin were insignificantly 
than those for the young animals. I 
darkness there was only a very slig] 
to 238 pg of melatonin per gland a 
hours (P < .02 compared to mean ' 
at 0800, 2000, and 2400 hours). I 
the dark period, the increase in tl 
females was much less than that 
young animals. Similar observ 
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'rs were made in the old males. After the on- 
set of darkness there was a weak rise in 

Pineal the mean concentration of melatonin at 
dark- 2400 hours (P < .05 compared to mean 
young values at 0800, 2000, and 0400 hours). 
luring Thus, the pineal of the old males, like 
elato- those of the old females, exhibited a de- 
il bio- pressed melatonin rhythm. 

There have been few studies on the pin- 
eal gland of aging animals (9) and none 

groups on this organ in old hamsters. It is well 
d 0400 documented that in the Syrian hamster 
(7) by both the pineal gland (10) and the melato- 
-re in- nin it produces (11) can profoundly in- 
)ns of hibit the function of the pituitary-gonadal 
)uffer, axis. We now present data indicating 
odium that the biosynthetic activity of the pin- 
-nized eal gland is diminished with age. 
2 until Female hamsters deteriorate repro- 
iwere ductively between about 11 and 14 
of du- months of age while males may sire 
ml of young until about the age of 20 months 

i con- (12). Since the responses of the pineal 
stical- were the same in both aging females and 
riance males it would seem that the alterations 

in melatonin production were not related 
mean to the reproductive status of the animals. 
in the This is consistent with the observations 
ns per of Rollag et al. (13) who showed that nei- 
onset ther concentrations of circulating pitui- 

Ln val- tary gonadotrophins nor gonadal steroids 
for fe- have a measurable influence on pineal 
he old melatonin production in young female 
)ns of hamsters. 
lower The function of most nonreproductive 
)uring endocrine organs remains essentially un- 
ht rise changed, or they may exhibit a slight de- 
t 0400 pression in advanced age (14). Certainly, 
values none is so markedly influenced as is the 
)uring pineal gland. So little is known about the 
he old aging process in hamsters that it is diffi- 
in the cult to relate the profound alterations in 
ations pineal melatonin synthesis to other func- 

tions that may also be exhibiting con- 
current changes. Also, whether the phe- 
nomenon of depressed melatonin con- 
tent in the pineal of aging hamsters is 
characteristic of this species alone re- 
mains unexplored. 

There are a number of potential ex- 
planations for the observed results. Per- 
haps the catecholamine receptors on the 
pinealocyte membranes simply lose 
their responsiveness to norepinephrine, 
the neurotransmitter involved with stim- 
ulating melatonin production (15); alter- 
natively, the postganglionic neurons in 
the pineal may lose their ability to ei- 
ther synthesize or release the neuro- 
transmitter. Other explanations for the 

a depressed melatonin concentrations in 
1600 2400 

Fig. 1. Pineal melatonin content in young (2-month-old) and old (18-month-old) female an 
Syrian hamsters over a 24-hour period. The P values indicate differences between you 
old at the time points indicated. 

0800 the pineal of aging hamsters include a 
melatonin precursor deficiency (for ex- 

d male ample, serotonin) or a general inactivity 
ng and of the enzymes involved in the formation 

of melatonin (16). Whatever the ex- 
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planation, melatonin synthesis and, 
hence, possibly the function of the pi- 
neal, is dramatically reduced in the aging 
Syrian hamster. 
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Hermissenda will normally move to- 
ward a light source in an otherwise un- 
illuminated environment (1). This move- 
ment can be modified by pairing discrete 
presentations of light with rotation of the 
organism (1). Paired (but not unpaired or 
randomly paired) presentations result in 
significantly longer latencies for the ani- 
mals to enter illuminated areas when 
tested immediately and several days af- 
ter training (2). This long-term associa- 
tive behavioral change is due, at least in 
part, to primary conductance changes 
within the somata of type B photorecep- 
tors (3-5). The neural organization (6-8) 
of Hermissenda (Fig. 1) and stimulus- 
specific cumulative depolarization of the 
type B cells (9, 10) predict, and this re- 
port confirms, that these associative be- 
havioral changes will depend on the in- 
tact animal's orientation with respect to 
the center of rotation. 

Hermissenda (N = 70) were main- 
tained individually in 15?C seawater (11). 
Each animal was fed daily until satiated 
on mussel gonad (Mytilus edulis) and 
exposed to 6 (N = 35) or 12 (N = 35) 
hours of light daily. Training and testing 
of animals began after at least 3 days of 
these maintenance conditions. Training 
consisted of three phases: (i) baseline as- 
sessment of behavior in response to 
light; (ii) light and rotation regimens; and 
(iii) multiple reassessments of responses 
to light. Training and testing techniques 
have been described (2, 12, 13). 
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The light and rotation schedule began 
shortly after the end of phase 1 (14). 
Each animal was randomly assigned to 
one of four treatment conditions. Two 
groups of animals (paired/caudal and 
paired/cephalad) received 50 contiguous 
and completely overlapping pairings of 
30 seconds of light and rotation (15) on 
each of three consecutive training days. 
The time between the initiation of each 
pairing was, on the average, 2 minutes. 
Two other groups of animals (random/ 
caudal and random/cephalad) also re- 
ceived 50 30-second presentations of 
both light and rotation during each of 
three consecutive daily training sessions. 
For these animals, light and rotation pre- 
sentations were presented randomly and 
independently of one another, although 
at the same rate (average interstimulus 
interval for both light and rotation was 2 
minutes) as for paired groups. One group 
of both paired and random animals were 
secured throughout training with heads 
oriented toward the center of rotation 
(paired/caudal and random/caudal) to en- 
sure that the caudal hair cells would be 
those stimulated by rotation. Similarly, 
both of the remaining groups (paired/ 
cephalad and random/cephalad) were se- 
cured throughout training with heads ori- 
ented away from the center of rotation to 
ensure that the cephalic hair cells would 
be those stimulated by rotation. After 
training session 3, each animal was test- 
ed for both short- and long-term modifi- 
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of both paired and random animals were 
secured throughout training with heads 
oriented toward the center of rotation 
(paired/caudal and random/caudal) to en- 
sure that the caudal hair cells would be 
those stimulated by rotation. Similarly, 
both of the remaining groups (paired/ 
cephalad and random/cephalad) were se- 
cured throughout training with heads ori- 
ented away from the center of rotation to 
ensure that the cephalic hair cells would 
be those stimulated by rotation. After 
training session 3, each animal was test- 
ed for both short- and long-term modifi- 
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Abstract. Paired, hut not random, presentations of light and rotation produced 
long-term changes in Hermissenda's response to light. The nature of this change 
depended on the orientation of the animals with respect to the center of rotation and 
was predicted by known organizational features of Hermissenda's nervous system. 
When rotation that excited caudal hair cells was paired with light, a significant in- 
crease in response latency to test lights resulted. Rotation exciting cephalic hair cells 
when paired with light decreased the response latencies compared with latencies 

produced by random presentation of light and rotation. 
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